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S'W'’'AR>' 

DOCIIMENTATION  OF  FINDINGS  AND  CONGLDSIONS 
FFOM  STREET  SWEFPING  PPOORAM 


1.1.  Summary . 

The  Corps  of  EnKineers  participated  in  a cooperative  sarmlin?- 
program  with  the  City  of  Oir.alia  during  the  summer  of  19Tl*,  to  measure 
the  accumulation  and  runoff  pollution  potential  of  street  debris.  In 
total,  eight  (3)  residential  sectors  and  two  (?)  commercial  sectors 
were  swept  with  mechanical  street  sweepers  on  a rotating,  seauential 
basis.  The  approximate  sweeping  frequency  for  each  sector  was  once 
every  two  (2)  weeks.  The  total  debris  collected  by  the  sweeper  was 
determined  by  weighing;  the  size  distribution  of  the  debris  was 
determined  by  dry  sieving  samples  in  the  laboratory. 

Concurrent  with  the  street  sweeping  program,  hand  sweeping  samples 
were  collected  from  the  same  residential  sectors  to  evaluate  the 
potential  runoff  pollution  impact  of  the  debris.  Laboratory  analyses 
of  these  samples  included  a dry  sieve  analysis  to  determine  the  size 
distribution  of  both  the  organic  and  inorganic  fractions  of  the  debris 
and  measurement  of  several  quality  parameters.  Quality  measurements 
were  made  on  only  the  suspended  and  suspended  plus  settleable  fractions 
of  the  debris.  The  quality  parameters  measured  in  the  laboratory  were 
chemical  oxygen  demand,  5-day  biochemical  oxygen  demand,  extractable 
phosphate,  kjeldahl  nitrogen,  and  heavy  metals  consisting  of  lead, 
mercury,  zinc,  chromium,  and  nickel.  A total  coll  form  count  was  also 


determined.  Hand  sweeping  samples  were  not  collected  In  the  commer- 
cial sectors  because  both  are  heavy  traffic  areas  and  extensive 
measures  would  have  been  required  to  insure  the  safety  of  sampling 
personnel . 

The  major  purpose  of  this  study  Initially  was  to  acquire  factual 
field  data  to  input  into  the  water  quality  subroutine  of  the  fitorage  , 
Treatment,  Overflow,  and  Runoff  Model  (STORM).  The  water  quality 
subroutine  of  this  model  was  developed  with  the  contention  that 
essentially  all  urban  pollution  originates  from  streets.  This  model 
was  to  be  applied  in  latter  phases  of  the  Metropolitan  Omaha,  Nebraska- 
Councll  Bluffs,  Iowa  Study  to: 

1.  Verify  levels  or  substemtlate  changes  In  assumed  urban  runoff 
pollution  loadings; 

2.  Define  variances  in  expected  urban  runoff  pollution  levels; 

3.  Define  varieuices  in  pollution  levels  between  urban  sectors:  and 

k.  Define  optional  design  requirements  for  collection,  storage, 

and  treatment  of  urban  runoff. 

However,  based  on  the  results  of  the  data  collection  program  and 
subsequent  analyses , it  was  determined  fairly  conclusively  that  most 
urban  runoff  pollution  probably  does  not  originate  from  debris  in  the 
streets  at  the  time  of  a rainfall  event.  Study  efforts  were  then  modi- 
fied to  l)  fully  describe  and  substantiate  this  conclusion;  (2)  identify 
and  quantify  other  sources  of  urban  runoff  pollution;  (3)  evaluate  some 
non-structural  methods  of  reducing  urban  ninoff  quantity  and  pollution 
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ioaaing;  (^)  evaluate  and  recomnenti  changes  in  PTOHM  and  (.5  .'•.cuss 
additional  data  and  st'udy  needs  to  develoT)  a Fore  cor.nlete  under- 
standing of  the  urban  runoff  :'ollution  process,  feme  'oortions  of 
the  analyses  in  this  report  induce  extrapol  aci  cr  .f  rea.sured  data 
and  data  synthesis.  All  such  data  develoPTnents  w“re  supnorted  by  other 
research  studies  published  in  the  literature,  '^he  ma.lor  findings  of 
this  study  are  briefly  suranari 7.ed  in  the  following  sub-naragra-nhs . 

a.  The  quai''..ity  of  debris  found  on  residential  streets  vitMn 

Omaha  during  the  stud.v  period  ranged  from  to  pounds  ner  cu--r 

mile  of  street.  The  Quantity  of  debris  on  the  street  anpeared  to  be 
highly  correlated  to  the  age  of  the  residential  development.  Tor 
this  reason,  the  residential  data  analysis  was  sub-divided  into  two 
groups  - "old"  residential  developments  and  "new’’  residential  develon- 
ments.  Four  study  sectors  were  included  in  each  grouping,  "he  average 
accumulation  of  debris  on  the  streets  for  the  "old"  and  "new"  resi- 
dential groupings  was  765  and  150  pounds  per  curb  mile,  res'oecti vely . 

b.  The  particle  size  distribution  of  the  Inorganic  fraction  of 
the  street  debris  was  found  to  be  essentially  log  normal  with  a m.ear, 
particle  size  of  approximately  0.5  mn.  The  organic  debris  had  a mean 
particle  size  of  2.2  mm.  Only  11  percent  of  the  total  debris  was 
finer  than  sand  and  only  0.5  percent  was  cla.v  size. 

c.  Only  a portion  of  the  total  debris  on  the  street  is  of  a size 
fraction  that  can  be  removed  from  the  street  by  precipitation  and 
transported  in  suspension  bv  runoff  through  a drainage  system,.  An 
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even  smaller  fraction  of  the  total  debris  remains  suspended  in  water 
during  storage.  Laboratory  procedures  were  devised  for  this  study  to 
simulate  the  potential  pollution  level  of  the  street  debris  for  each 
of  these  states.  The  measured  pollution  load  for  the  latter  case  was 
defined  as  the  suspended  load.  The  difference  between  the  simulated 
runoff  pollution  load  and  the  suspended  load  was  defined  as  the 
settleable  pollution  load.  Findings  from  other  studies  were  used 
to  estimate  the  total  pollution  load  of  the  street  debris.  The  com- 
parative pollution  loadings  for  the  average  residential  street  debris 
loading  were  determined  to  be  as  follows  for  the  major  parameters : 

AVERAGE  SUSPENDED,  SETTLFABLE,  AJID  TOTAL  POLLUTION  LOAD 
FOR  STREET  DEBRIS  IN  OfiAHA,  NEBRASKA 
IN  POUNDS  PER  CURB  MILE  OF  STREET 


Pollutant 

Suspended 

Settleable 

Total 

Parameter 

Load 

Load 

Load 

Total  Solids 

3.8 

61.1 

!<56.5 

Vol.  Solids 

1.5 

8.3 

81* 

BOD5 

1.2 

2.5 

10.5 

COD 

1.9 

10.2 

21*. 6 

KJel.  Nit. 

0.065 

0.18 

0.71* 

Ext.  POi* 

0.05 

0.19 

0.35 

Source:  Tables  5 

and  7 

f 

d.  Street  sweeper 

efficiency  was 

estimated  from 

j 

a comparison  of  j 

J 

quantity  of  debris 

collected  by  the  street  sweepers  to  the  quantity  j 

debris  collected  by 

hand  sweeping. 

The  resultant 

efficiencies  were 

33  and  59  percent  for  the  grouped  residential  classification  of  "old" 
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and  "nev" , respectively.  Lover  sweeper  efficiencies  in  the  ' 
sectors  were  probably  attributable  to  considerably  (greater  or.-s*reet 
parking  during  sweeping  and  poorer  general  renair  of  the  streets. 

e.  7he  accumulation  rate  for  street  debris  « not  linear,  as 
generally  assumed,  through  the  two  and  one-half  month  study  neriod. 
Several  averaging  techniques  were  used  to  lineai lie  the  data  for 
subsequent  computations  with  ETOPV.  The  determined  accumulation 
rates  for  the  grouped  residential  study  sectors  were  'i  and  '..-"1 
pounds  per  day  per  100  curbic  feet  for  "old"  and  "new"  residential 
groupings,  respectively. 

f.  Average  annual  runoff  pollution  loads  were  coirmuted  by  S'^CRM 

using  the  street  debris  data  collected  in  this  study.  A 0^-year 
(19^9  through  1973)  evaluation  period  was  used  in  this  analysis,  '’he 
average  a.nnual  pounds  of  pollution  removed  by  runoff  was  dete’-rined 
to  be  pounds  of  total  solids  and  pounds  of  per  acre.  A 

street  density  of  300  curb  feet  per  acre  was  used  in  this  evaluation. 
The  average  pollutant  concentration  in  the  runoff  assuming  a 3h  nercen'i' 
impervious  land  area  was  and  3.B  mg/1  for  total  solids  and  BODr, . 
respectively.  These  concentrations  are  only  about  pn  percent  of  the 
average  concentrations  generally  assumed  for  urban  runo*’-'*.  Eim.ilar 
results  were  obtained  using  street  debris  data  from  other  studies. 

It  was  concluded,  based  on  these  findings,  that  streets  are  probably 
not  the  raa.lor  source  of  urban  runoff  pollution,  '’'he  principal  reason 
as  postulated  by  this  study  is  that  street  d^br’s  is  comprised  of  only 


a very  small  percenta^^e  of  silt,  clay  and  finer-sized  particles.  Tt 
is  this  fine  and  very  fine  debris  fraction  that  ha.s  the  most  siOTifi- 
cant  impact  on  water  quality  both  from  the  standpoint  of  ease  of 
water  transport  and  also  the  associated  pollutant  concentration. 

g.  It  is  speculated,  based  on  synthesized  data,  that  dust fall  on 
Impervious  surfaces  other  than  streets  may  be  the  ma.ior  source  of 
measured  urban  runoff  pollution.  The  Omaha-Douglas  County  Heslth 
Department  measured  dustfall  rates  in  the  City  of  Omaha  during  the 
period  of  October  19^5  through  March  10^8.  This  study  found  that  the 
average  annual  dustfall  rate  for  their  seimpling  sites  within  Ojnaha 
were  approximately  80  and  220  tons  per  square  mile  of  soluble  and 
insoluble  particulates,  respectively.  The  insoluble  particulates 
are  generally  finer  than  ^40  microns  in  diameter.  Based  on  estimations 
of  the  pollution  "strength"  of  this  fallout,  more  than  200  pounds  of 
total  solids  and  22  pounds  of  BOD^  per  acre  of  urban  land  use  were 
determined  to  be  removed  annually  by  precipitation  from  the  impervious 
surfaces  other  than  streets.  This  analysis  is  based  on  an  assumed 
total  imperviousness  of  30  percent  and  an  average  street  length  of 
150  linear  feet  per  acre.  These  values  are  several  times  greater  than 
the  average  annual  computed  8U  and  5,6  pounds  of  total  solids  and  BOD^ , 
respectively,  determined  to  be  removed  from  the  street.  Additional 
research  studies  will  be  needed  to  support  or  disclaim  the  importance 
of  dustfall  in  urban  pollution. 
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h.  Streets  may  serve  a greater  role  in  the  total  urban  rinrff 
pollution  cycle  than  merely  the  contribution  of  pollution  durine  a 
runoff  event.  Streets  are  possibly  the  initial  source  of  pollutior.al 
debris  removed  from  other  areas  during  runoff.  The  two  most  notable 
cases  are  l)  fine  dust  blown  off  of  the  street  onto  the  surrounding 
land  surfaces  during  dry  periods,  and  2)  organic  and  other  debris 
deposited  in  catch  basins  during  preceding  precipitation  events  or 
by  traffic. 

i.  The  accumulation  of  debris  on  streets  is  significantly  greater 
in  older  residential  land  use  areas  than  in  the  newer  residential  land 
use  areas.  Several  physical  factors  probably  explain  this  finding. 

The  major  causal  factors  identified  by  observations  in  this  study  are 
l)  the  amount  of  vegetative  canopy  covering  the  street,  2)  the  amount 

of  on-street  parking,  3)  the  general  repair  of  the  street,  *4)  the  socio- 
economic level  of  the  area,  and  5)  the  amount  of  traffic.  Quantification 
of  the  role  of  each  factor  was  beyond  the  scope  of  this  study. 

J.  Afi  optimization  emalysls  determined  that  the  most  effective 
street  sweeping  frequency  for  Omaha  in  reducing  the  portion  of  runoff 
pollution  originating  from  the  street  was  approximately  11  to  I6  days. 

The  evaluation  was  completed  using  the  time  continuous  computational 
element  of  STORM  for  the  historic  hourly  precipitation  record  at 
Epply  Airfield  for  years  19**9  through  1Q73.  The  total  reduction  in 
street  runoff  pollution,  assxuning  a 50  percent  efficient  street  sweeper, 
would  be  about  30  to  i»0  percent . 
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k.  A lonjt-term  analysis  of  precipitation  intensity  for  Omaha 
indicates  that  drainage  of  impervious  runoff  across  pervious  lands 
could  significantly  reduce  the  average  quantity  of  runoff  from  an 
urban  area.  At  the  same  time,  some  reduction  in  runoff  pollution 
would  also  be  experienced.  The  computed  reduction  in  impei^ious  run- 
off was  about  73  percent  for  drainage  of  an  Impervious  area  uniformly 
across  an  equal  area  of  pervious  land.  The  degree  of  reduction 
decreases  with  increasing  precipitation  Intensity,  and  probably 
decreases  to  about  zero  for  any  major  "design"  storm  event. 

l.  The  findings  of  this  study  indicate  rather  conclusively  that 
considerable  research  effort  is  still  needed  to  define  the  sources  of 
urban  runoff  pollution.  Present  modeling  attempts  which  use  street 
debris  as  the  major  pollutant  source  are  considered  inadequate. 

Further  development  and  employment  of  these  models  should  be  conceived 
around  a more  thorough  understanding  of  this  runoff  pollution  process. 
To  support  this  development,  additional  research  is  needed  to  l) 
Identify  and  quantify  the  major  sources  of  urban  runoff  pollutants, 

2)  describe  the  accumulation-removal  processes  for  pollutants  at  each 
source,  and  3)  describe  any  interactive  relationships  between  sotirces , 
e.g.,  streets  being  a source  of  dust  collecting  on  other  areas. 
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DITRODUCTION 


•jECTrON  TT  - INTRODUCTION 
? . 1 . Purpose  and  Scope. 

The  purpose  of  this  report  is  to.  Ro-'-ire'  ^he  re?oI',s  or" 
enrineerin?  investipatiors  to  identify  and  ''haraeterize  uroan  rjr;o*'f 
pollutants  and  to  evaluate  the  of  an  existing  water  quality 

nanapement  model.  Thi.s  study  was  cor.duoted  to  define  *he  extected 
quality  of  urban  runoff  from  the  Cnaha , Nehrasra-Ccunc i 1 Rluffs, 

Iowa  yetropolitan  Study  area.  - Tvc,  onrp"jtor  simulation  models  have 
recently  been  developed  to  aid  '^ctt  plar.ninr  and  desirn  erpineers 
in  defining  and  abatirr  the  urban  runoff  o-ijality  problem.  These 
two  models  are  the  Environmental  Protection  i(?er.cy's  ftoir"  Va  + er 
Management  Model  (Sr.'KM)  and  the  Corps  of  Hlngineers'  Storage,  Trea* - 
ment,  Overflow  and  .Runoff  Model  (CTORN').  The  'VMM  is  a sophist, •; cat -■•d 
model  developed  for  design  work  appl ications.  The  STORM,  howe/er. was 
developed  as  a rnanagement  model.  The  simplicity  of  this  model  enables 
the  engineer  to  evaluate  the  effect! ver.es.s  of  alternative  design.', 
using  the  historic  precipitation  record.  This  mo<iel  has  bee''  recom- 
mended by  OCE  for  use  in  the  urban  study  programs  of  the  Corps  of 
Engineers.  Doth  models  use  i simdlar  water  quality  subroutine  but 
the  logic  and  completeness  of  these  routines  have  not  beer  verj‘*ied 
because  of  insufficient  data. 

A sampling  program  was  established  within  the  '"it.y  of  Omaha 
during  the  summ.er  of  1971;,  to  characterize  and  naantify  stree*  deiris. 
It  is  the  developmental  ccntention  o'*  STO'iv  that  street.s  are  ‘he 
single  major  source  of  urt'’an  pollutants  during  runoff.  The  cnlleoteil 
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data  is  used  to  test  the  validity  of  this  Ivipic  ele^rent  in  the 
model.  An  evaluation  of  the  mass  emission  of  pollutants  during 
runoff  from  other  identifiable  sources  was  completed  using  literature 
values  and  other  data  sources. 

The  results  of  these  analyses  are  used  to  evaluate  the  effective- 
ness of  potential  nonstructural  measures  for  improving  urban  runoff 
quality  and  to  evaluate  and  recommend  modifications  to  the  water 
quality  subroutine  in  STORM. 

2.2 . State  of  the  Art. 

Until  recently  waste  water  management  studies  have  been  limited 
to  a large  degree  by  an  inability  to  assess  the  expected  impact  from 
urban  runoff.  In  general,  simplification  for  expediency  has  usually 
reduced  runoff  quality  consi  ierations  to  the  use  of  an  "average" 
concentration  for  each  constituent.  An  average  value  oversimplifies 
a highly  variable  parameter.  Researchers  have  attempted  to  correlate 
measured  runoff  quality  to  various  hydrologic  factors  such  as  intensity 
and  duration  of  runoff.  These  attempts  have  not  generally  been  success- 
ful (5).  Probably  the  major  reason  is  that  the  available  pollutants 
in  the  watershed  vary  with  time. 

Recent  approaches  to  predicting  and  Quantifying  urban  runoff 
quality  are  attempting  to  define  the  "in  situ"  oollution  sources  ani 
simulate  the  accumulation  and  washoff  of  the  pollutants  from  these 
sources.  There  are  essentially  only  two  major  sources  of  pollutants 
from  sepai-ated  sewer  urban  areas  - catch  basins  and  the  land  surface 
(8).  The  major  source  is  the  dust  and  debris  that  collects  on  the 
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land  aurfars.  This  approach  is  considered  to  be  the  rreser'  t.j’ ■■- 

of-the-art  ^e''hnique  (^,9).  The  two  crvnput“r  '.oiels  ■'ent.ioot.! 

previous!/  (SWMM  and  STORM)  have  subroutines  w'''~n  -i-e  into-;;,  -> 

to  simulate  the  washoTf  of  the  dust  and  debris  durinp  rainr’a;’ 

event.  Since  STORM  has  potentially  qreater  apj  licaticr.  ‘’or  'ranai-e- 

ment  studies,  the  existing  applicability  of  *he  water  Quality 

subroutine  was  tested  for  possible  applications  in  the  Metr  noli  ‘ 

Omaha,  Ne'oraska-Oouncil  Bluffs,  Iowa  Urban  Study.  The  najo."  en’r-' i ; -n'r 

and  required  input  data  for  STOFft  is  su.mmari7.ed  in  the  next  uri*. 

2.3.  Storage,  Treatment,  Overflow  and  Runoff  ^■'odel  'STC-IM) . 

a.  General.  Current  objectives  and  applicable  metb.odol ori os 

for  urban  stormwater  runoff  ma.nagement  studies  have  beer  o>;t  lined  ,n 

STL  1110-2-S’l'i , 28  Sebruari^  197/i.  This  letter  states  that: 

"STORM  provudes  acceptable  procedures  "or  survey 
scope  studies  to  aid  in  the  selection  of  the  storm- 
water storage  and  rates  of  treatment  reouirsd  to 
achieve  a desired  qi-ianti ty  and  quality  of  discharge 
to  the  receiving  waters." 

The  model  consists  oasically  of  five  (o)  computational  ele-en*.': 
or  subroutines.  These  major  elements  are:  1)  computing  sr.n'w~el' 
ininoff,  2)  computing  rainfall  runoff,  3)  computing  runoff  quality, 
h)  computing  treatment,  storage,  and  overflow,  and  T)  -onpu; ing  land 
surface  erosion.  Subrout ine.s  2,  3,  and  1.  will  be  discussed  hrie*'ly 
in  the  following  subsections.  A thorough  discussion  of  model  o].'(jra*.i  or, 
is  available  in  the  listed  references  (9,  10).  The  major  data  inpu‘s 
to  the  model  include: 
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1.  Number  and  size  of  watersheds  to  be  considered. 

2.  Hourly  historic  precipitation  record. 

3.  Average  or  raax/min  daily  air  temperature  (optional). 

U.  Monthly  evaporation  rate  in  iriches/day. 

5.  Runoff  coefficient  for  pervious  and  impervious  areas. 

6.  Average  depression  storage  for  the  urban  area. 

7.  Number,  type,  and  description  of  urban  land  use  groups 
(limited  to  single  family,  multi  family,  commercial, 
industrial,  and  open  or  parxland  categories). 

8.  Rate  of  dust  and  dirt  accumulation  for  each  land  use  group. 
9-  Pounds  of  each  pollutant  per  100  pounds  of  dust  and  dirt 

for  each  land  use  group  (limited  to  suspended  and  settle- 
able  solids,  biochemical  oxygen  demand,  total  nitrogen 
and  phosphate). 

10.  Freouency  and  efficiency  of  street  sweeping. 

11.  Non-urban  area  in  watershed. 

12.  Values  for  5,  8,  8 and  9 above  for  non-urban  area. 

13.  Input  values  for  SCS  "soil  loss  eouation"  (optional). 

ILi.  Number  and  size  of  storage-treatment  combinations  to  be 

considered . 

The  major  program  outputs  include: 

1.  Date,  hour,  and  ouantity  of  runoff  going  into  storage, 

treatment,  and  overflow  for  each  precipitation  event. » 

»An  event  is  define<)  In  the  program  as  sufficient  precipitation  runoff 
to  require  storage  to  be  used,  or  if  zero  storage  and  treatment  is 
specified,  anytime  runoff  occurs. 
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?.  Sunnary  table  listing  average  annual  naxher  o:‘  < vents, 
precipitation,  runoff  and  overflow. 

3.  Storage  utilization  curve. 

U.  Pounds  of  each  pollutant  "washoff"  during  eaoh  nrecip^- 
tation  event. 

5.  Sunnary  table  listing  average  annual  pounds  of  ear 
pollutant  removed  from  the  watershed,  fractior:  over- 
flowing to  receiving  water,  and  average  ccncentra* ; or. 
of  each  pollutant. 

6.  Selected  even*  pollutograph . 

b.  Computation  of  the  Quantity  of  Runoff.  The  hourly  - 

tation  input  data  is  converted  directly  to  runoff  in  the  model  by  • ■ 
eouation: 

R - Cc(P-?)  (1) 

where 

R “ Urban  runoff  in  inches  per  r.our. 

*^c"  Composite  runoff  coefficient  dependent  on 
urban  land  use. 

P “ Precipitation  in  inches  per  hour 

F ■ Available  depression  storage  in  inches  per  hour. 

The  composite  runoff  coefficient,  C^.,  is  determined  in  the  model  bv 
fractionally  combining  C input  values  for  oerv'ous  and  impervlou.s  .ireas 
based  on  areal  percentage  of  each.  The  use  of  the  available  depress io* 
storage  function,  F,  makes  the  eouation  dynamic.  The  value  o*’  this 
function  is  computed  continuously  by  the  following  expression: 
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mercury,  zinc,  chromium,  and  nickel.  A total  collform  count  was  aiso 


F - Fo  ♦ Ni)K,  F < D (?) 

where 

Fo  “ Available  depression  storage,  in  inches  at  the 
end  of  the  last  rainfall. 

Nj)  ■ Number  of  dry  days  since  previous  rainfall. 

K “ Input  value  representing  recovery  of  depression 
Storage  from  evaporation  in  inches/day. 

D ■ Input  value  for  maximum  available  depression 
storage  in  inches. 

As  noted  from  the  above  eauations,  all  computations  retain  the  "inches 
of  depth"  to  define  the  volumetric  component.  This  simplifies  program 
computatione.  An  example  of  the  program  logic  for  computing  runoff  is 
shcsm  in  Figure  1. 
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Figure  1 - Time  History  of  Hainfall-Runof f Event 
Source:  Docunentation  Report,  Computer  Program  7?3-SP-L?o?0,  Fay  197!i 
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c.  Computation  of  0<iality  of  Runoff.  The  basic  lof^ic  behin'i 
the  ouality  subroutine  is  that: 

1.  The  major  source  of  pollutants  in  ar  jrban  area  is  i.he 
dust  and  debris  that  collects  on  the  land  surface  and  that  most  of 
the  accumulated  material  removed  by  rainfall  ori£;inates  from  tne 
impervious  surfaces  C^).  To  simplify  identification,  streets  are 
assumed  to  be  the  source  of  ail  the  accumulated  debris. 

?.  There  is  a definable  rate  at  which  this  dust  arc  d^nris 
accumulates  on  the  street. 

3.  The  pollutants  oripinatina  from  an  urban  area  have  sore 
associated  "strength"  relative  to  the  amount  of  accumulated  dus-* 
and  debris,  and  that,  this  relationship  is  linear. 

li.  The  removal,  or  washoff,  of  this  materia]  is  a function  of 
rainfall  and  runoff  intensity. 

5.  The  accumulation  rate  and  the  associated  pollutar*.  "stren;;!!',  ' 
for  a given  urban  area  is  a function  only  of  the  re.neral  type  of  urban 
land  use. 

Perhaps  each  of  these  logic  assumptions  is  oversimplified  and 
understated.  However,  by  keeping  in  mind  that  a time  history  analysis 
is  the  key  aspect  of  the  model,  computational  elements  must  he  kept  to 
a minimum  because  of  computer  time.  The  model  has  not  been  verified 
because  sufficient  data  has  not  been  available  to  test  simulation 
adequacy  of  the  ouality  subroutines. 

The  duality  subroutine  in  the  program  is  comprised  of  several 
time  dependent  computational  steps.  Since  this  routine  is  utilized 
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extensively  in  this  study,  the  developmental  methodoloey  was  ex- 
tracted from  the  7T0RM  documentation  report  for  inclusion  here  (1C). 

The  rate  of  dust  and  dirt  accumulation,  DD^'  ^ fjiven  land 
use,  L,  can  be  expressed  as  : 


wnere 


DDl  ■ Rate  of  dust  and  dirt  accumulation  on  a 
watershed  of  land  use  L in  Ibs/day. 
dd^  “ Rate  of  dust  and  dirt  accumulation  for  land 
use  L in  Ibs/day/lOO  feet  of  putter. 

“ Feet  of  street  putter  per  acre  for  land  use  L. 

Al  “ Area  of  land  use  L in  acres. 

If  the  number  of  days  since  the  last  runoff  is  less  than  the  street 
sweeping  interval,  the  initial  quantity  of  a pollutant  c on  a watershed 
of  land  use  L at  the  beginning  of  a stonm  is  computed  as: 


F„DDrN„  ♦ 
p L D pc 


Oi) 


where 


P 

No 


PO 


Total  pounds  of  pollutant  p on  urban  land 
use  L at  the  beginning  of  the  storm. 

Pounds  of  pollutant  p per  pound  of  dust  and  dirt. 
Number  of  days  without  runoff  since  the  last 
storm. 

Total  pounds  of  pollutant  remaining  on  land 
use  at  the  end  of  the  last  storm. 
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If  the  number  of  days  without  runoff  rroat.er  than  the  stre-?*  uweepin,’ 
Interval,  the  followinp  exprearion  's  used: 

Pp  - ♦ N^Dnj^Pp( {1-s)”'^*. . ■>'■1--:))  (y) 

♦ DDtF„(N-  nN's) 
i-  P J 

where 

Ng  “ Number  of  days  between  street  sweep irpn 
n “ Number  of  times  the  street  was  swept  sir.''e 
the  last  storm 

S • 2"'ficiency  of  the  stree*  s'weepinr 
Finally,  the  expression  used  to  compute  the  rate  at  which  pollu  ta-" s 
are  washed  off  the  watershed  is 

- P,,  (l-e-R-rFt;/  t (f) 

p T*  i 

where 

Rj  ■ Runoff  rate  in  inones/hour  from  ir.parviour 
surfaces 

t " One  hour,  the  fixed  time  interval  in  STOHP, 

K « Urban  washoff  decay  coefficie’^* 

This  equation  must  be  modified,  however,  because  not  all  of  the  dust 
and  dirt  on  the  watershed  is  available  for  inclusion  in  the  runoff  at 
a given  time,  t. 

The  following  set  of  equations  is  use-d  to  calculate  the  rate  of 
washoff,  y,  of  the  suspended  solids  (sus),  settleahle  solids  ,set}, 
biochemical  oxygen  demand (bod),  total  nitrogen  (nit)  and  ortt.o; hosphate 
(PO,^). 
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where 


where 


d.  Ccp;putation  of  Stcrage,  "'reatment  and  Cverflow.  Desired 
storage  sizes  and  treatment  rates  to  be  evaluated  by  the  model  are 
specified  again  on  the  basis  of  the  "inch"  depth  component.  The 
computations  proceed  at  an  hourly  step-by-step  interval  with  the 
following  rationale.  Every  hovir  in  which  runoff  occurs,  the  treatment 
facility  is  used  to  treat  as  much  runoff  as  possible.  When  t.he  runoff 
rate  exceeds  the  specified  maximum  treatment  rate,  storage  is  titilized 
■*;o  contain  the  ru.noff.  When  runoff  again  becomes  less  than  the  treatment 
rate,  stored  water  enters  the  treatment  facility  at  a rate  eouivalent  tc 
the  difference  between  maximum  treatment  rate  and  the  present  runoff 
rate.  If  the  storage  capacity  is  exceeded,  all  excess  runoff  over''lows 
into  the  receiving  waters  and  becomes  lost  from  the  system.  This  approach 
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Is  best  defineci  by  the  time  history  rairrall,  runoff,  treat'^er*  , 
storaf^e,  and  overflow  event  example  in  r’if'ure  ’’a,  b anci  r.  Firu^e 
?a  is  a reprint  cf  Figure  1.  Des.-ripti vely , Fi  ire  ? shews  tia<  the 
hourly  excess  rainfall  from  ?a  enters  the  treatment  facility  ir  2b 
with  the  excess  going  into  storag-’  in  '’c.  Storage  in  2c  is  reduced 
when  treatment  capacity  becomes  available  and  overflow  occurs  when 
both  treatment  and  storage  cajiacity  is  exceeded.  The  tine  period 
^or  the  event  ends  when  there  is  no  longer  any  water  in  storage  or 
for  this  example,  hour  2^,  The  event  starts  wher:  storage  is  ''irsr, 
utilized,  or  hour  12. 

e.  Sensitivity  of  Quality  Subroutine  t,c  Input  Values.  Severa' 
input  values  are  utilized  in  the  Quality  subroutine.  Most  of  these 
have  been  defined  previously.  However,  computed  quality  output  values 
are  more  dependent  on  some  input  parameters  than  on  others.  ' sensi- 
tivity analysis  was  conducted  on  the  model  using  19'^3  precipitation 
data;  land  use,  impervicusness . street  lengths,  .sweeper  frectiency,  and 
sweeper  efficiency  values  derived  for  the  Sole  C-eek  Basin  in  f/rar.a . 
Nebraska;  and  the  Quality  "default"  values  included  in  the  program. 
"Default"  values  are  rairtained  in  the  program  to  be  used  if  .a  better 
definition  of  the  parameters  is  rot  available.  The  Quality  "de'’ault" 
values  were  obtained  from  a study  ir  Chicago,  Tllirois  (1).  The  "defau 
value  for  K was  derived  using  ecriati  on  6 with  tte  assumption  tha*  a r.-:! 
fall  intensity  of  0.9  inches  per  hour  would  remove  of  percen'  of  the 
debris  accumulated  on  the  streets  in  a one-hour  period  (10).  Ttose 
input  values  and  the  computed  results  were  assu'’“d  as  the  bas^.  Fach 
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input  wn  : O’.on  va>';‘-  : , a*  a ' ine.  as  a Deroer ' arr 

•^he  base,  ioth  smaller  an^l  'ar^'T  *r  n>  asur"  <ne  rerul'a^'- 
in  output.  The  results  of  t.his  aralys-;s  a''e  s r,  '".r' ' a' '* 

h for  annual  pollutant  load  and  average  pollutant  rune’''  r« ' ’ rn . 

respectively.  Hs  shown  by  thl.s  ar.aiysi?  , the  ■^cd^-’  is  vr*',-  ser:-.!iv>' 
to  input  ”-31063  for  street  density,  daily  rate  o'"  m.derial  amir',1  a*  i cr . 
and  pounds  of  each  pollutant  associated  with  the  accu-'jlate  i ma*  ”>-ir.l . 
The  prcftran  is  relatively  insensitive  tc  all  other  riut  values.  A 
concurrent  chanf'e  in  sveerer  e‘*?'iciency  and  freruenc',- , al'hcurt  ’'i.* 
included  in  the  analysis,  would  probably  reflect  a rurh  creamer  a- 

in  model  m;tput  than  was  determined  fro?  the  individual  analys-'r. 

f . Methods  for  Deterrinirp  Rates  of  Follutant  .ic-^ur.ulat.i  t. 
Research  studies  have  investigated  rates  of  pollu‘ant  ac-'ornulation  in 
a number  of  urban  areas  (1,  '’■,  11).  Two  methods  have  been  used  ’'or 
these  determinations.  The  first  method  utilises  measured  rur.ofr' 
pollutant  loads  to  determine  rates  of  qccumula-*,i on  of  the  pelluiar'‘.s 
on  the  lane;  surface.  These  studies  reouire  an  extensive  samplin,' 
proeirar.  with  a time-summeti  product  r'rom  several  consecutive  runo'-f 
events,  "'hiis  technioue  is  probably  the  most,  acr urate  as  far  as  lefir- 
inp  the  ac'.ual  runoff  load.  .Rowever,  i^  is  diffioul*  tc  worn  b.^^Kvaris 
from  output  values  to  clearly  identify/  sources  and  their  assoclaiei 
contribution.  'n's  quasi-definition  limits  trar snos i t ion  of  the 
resul ' ant.  data . 

■;e  .second  rethod  ror.cis's  o''  .'^anpli^r  ;c''-ential  noll’j‘.arls  "ir 
of:  res  axac''  ; ■ wi.''t  ”ateripl  accumulates  on  a 
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given  land  surface  area.  The  major  advantages  of  this  method  include: 


1.  A limited  number  of  personnel  can  sample  several  sectors. 

?.  Sampling  can  be  done  on  a defined  schedule. 

3.  To  a large  degree,  the  sampling  peri cd  necessary  for  a 
statistically  significant  number  of  samples  is  reduced. 

The  ideal  situation,  of  course,  is  a combination  of  both  methods. 
However,  constraints  on  time  and  available  personnel  necessitated  use 
of  the  second  method  in  this  study. 
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SECTIOH  III 


DATA  ACQUISITION 


SECT TON  TIT 
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3.1.  Outline  of  Sample  Collef^ticn  Frorran. 

TVo  separate  bu*  interrelatorj  prof^rans  werf  es'.ablishei  tf; 
acouire  data.  The  first  was  a cooperative  effort  wilh  the  0’*y  cf  i 

Omaha  to  measure  the  ouantiiy  and  rate  at  which  debris  accu-oulates 
on  streets.  Several  pre-selected  sectors  of  the  city  were  swept 
approximately  every  two  week's  during  the  study  period  with  a 
mechanical  "street  sweeper."  The  debris  collected  by  the  sweeper 
was  transferred  to  a truck,  taken  to  a scale  and  weighed.  Each 
sector  was  swepi.  approximately  five  tires.  The  needs  cf  this  nrc'cra'-. 
were  used  to  establish  the  nix.ber  and  size  of  sectors  t.o  he  studied. 

The  second  program  was  established  tc  iden'ify  the  typ'es  and 
relative  "strength"  of  the  pollutants  associated  wi't.h  the  street  deori.  . 

"Strength'  is  defined  as  the  pounds  of  a pollutant  per  100  rounds  of 
street  debris.  Samples  were  collected  by  hand  sweeping  several  u by  - 
foot  plots  within  the  same  sectors  selected  for  the  first  rrcgram. 

These  samples  were  collected  by  "hand  sweeping''  because  mechanical 
sweepers  pick  up  a greater  percentage  of  larger  particles  than  finer 
particles  from  the  streets.  Thus,  mechanical  sweeper  samples  are 
not  representati ve  of  the  debris  "in  situ' . An  average  of  three 

samples  were  collected  from  each  studied  sector  during  the  period  of  | 

July  to  September  197h.  The  total  number  of  samples  collected  was  | 

limited  in  order  to  permit  an  extensive  analysis  of  each  sample  '’or 
chemical,  biological,  and  bacteriological  constituents  but  still  keen 
laboratory  costs  within  reason.  j 

J 
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3.2.  Selection  of  Urban  Sectors  for  Study. 

The  type,  location,  size,  and  number  cf  urban  sectors  used  in 
the  sampling  program  were  established  after  reviewing  existing  city 
zoning  maps,  discussing  the  existing  street  sweeping  program  and 
proposed  level  of  support  with  City  of  Omaha  officials,  and  a field 
reconnaissance  of  several  potential  sectors.  Eight  residential  and 
two  commercial  areas  were  selected  for  the  study.  A summary  of  some 
physical  characteristics  of  thl  selected  study  sectors  are  included 
in  Table  1.  The  major  considerations  in  making  the  final  sector 
selection  were: 

1.  The  City  of  Omaha  would  provide  ore  sweeper  and  driver  and 
one  "eductor"  truck  and  driver  to  the  operation  on  a full-time  basis 
to  assure  uniformity  in  data  collection  and  maximum  control  of  the 
operation. 

2.  The  size  of  each  selected  sector  would  be  approximately 
eouivalent  to  a one  day  sweeping  operation  and  would  have  essentially 
the  same  boundaries  as  previously  established  by  the  city  for  snow 
removal  and  street  sweeping.  This  would  allow  the  manpower  and  eouip- 
ment  to  he  utilized  efficiently.  Also,  the  preestablished  boundaries 
would  re<juce  the  possibility  that  portions  of  the  area  would  be  accl- 
dentall;/'  .swept  under  the  regular  sweeping  program. 

3.  The  selected  sectors  would  consist  of  only  one  type  of  urban 
land  use  (single  family  residential,  multifamily  residential,  commercial, 
industrial,  or  open  land)  to  the  extent  possible. 

2f 
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PuYSICAL  Dti^HUTIUlJ  OF  STUDY  SECTORI 
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U.  Most  of  the  study  emphasis  would  be  directed  toward  the 
single  family  residential  land  use  because  a majority  of  the  city 
is  in  this  category.  It  was  considered  that  if  residential 
pollution  loads  could  be  defined  adequately  then  comparable  results 
from  the  literature  could  be  used  to  define  pollution  loadings  for 
the  other  land  uses  based  on  these  results. 

T.  ^ny  data  collection  in  industrial  areas  would  have  reouired 
modification  of  sweeping  procedures  because  most  of  the  streets  in 
these  arcjas  do  not  have  curbs. 

6.  None  of  the  major  multifamily  residential  developments  would 
be  selected  “or  the  sweeping  program  because  the  streets  within  the 
complex  are  part  of  a private  development  and  not  maintained  by  the  City. 
3.1.  Methods  of  Sample  Collection. 

a.  Itreet  Sweeping.  The  ten  urban  sectors  were  swept  or.  a rotating 
seouential  basis  for  the  two  and  one-half  month  sampling  period  running 
from  mid-June  to  the  first  of  September.  The  assigned  manpower  and  eouip- 
ment  from  the  City  consisted  of  a Mobil  TEii  mechanical  street  sweeper, 
one  "broom''  operator,  an  "eductor"  trucK,  and  one  truck  driver.  The 
sane  eouipment  and  personnel  were  used  throughout  the  study.  The 
mechanical  features  of  the  sweeper  include: 

1.  Seven  and  one-half  feet  sweeping  swath, 

2.  Water  spray  system. 

3.  Four  cubic  yard  nopper  capacity. 

1-12  moh  sweeping  spee^J, 

5.  mph  maximum  travel  speed. 


Norma]  sweeper  operation  procedures  were  followed  during  thf' 
test  period.  A questionnaire  was  completed  by  both  tne  "brrom' 
operator  and  truck  driver  to  summarize  each  day's  sweeping  operation. 

These  Questionnaires  were  used  to  determine 

1.  What  portion  of  the  sector  was  swept. 

?.  What  type  of  material  was  picked  up  by  the  broom. 

3.  The  volume  of  water  used  in  the  water  spray  system. 

)i.  The  amount  of  on-street  parking  during  sweeping. 

The  weight  of  material  picked  up  from  the  sector. 

The  ouant.ity  of  material  collected  during  each  sweeping  opera* ion 
was  determined  by  weighing  the  loaded  tnick  at  a scale.  A constant  ‘are 
weight  was  used  for  the  truck  throughout  the  study  because  the  scale  was 
not  near  the  dump  site  for  the  debris.  Tt  was  considered  that  any  changes 
in  tare  weight  would  generally  be  less  than  f percent,  of  the  debris  load. 
If  the  load  was  small,  some  adjustment  was  made  in  the  tare  weigt.t  based 
on  the  fuel  level  of  the  truck  at  weigh  in.  Each  weight  ticket  was 
affixed  to  the  questionnaire. 

At  the  start  of  +he  third  round  of  sweeping,  a samnlc  was  collected 
each  day  to  send  to  the  laboratory  for  a determination  of  the  moisture 
content  of  the  swept  debris  and  also  the  size  distribution  of  the  organic 
and  inorganic  material.  The  analysis  procedure  is  discussed  later  in  this 
report.  All  samples  were  collected  by  the  operators,  placed  in  rlastic 
bags,  and  sealed,  twice  weekly  these  samples  were  collected  fror  the 
City  maintenance  yard  and  taken  t o the  laborat  or;.^  for  analysis,  hoisture 
content  was  det.ermined  in  order  to  adjust  all  measured  weights  to  an 


ov«ndry  basis.  The  moisture  content  was  estimated  for  the  firs^ 
two  rounds  of  sweeping. 


b.  Hand  *?weeping.  Hand  sweeping  samples  were  collected  from 
each  sector  at  intermittent  tim.e  intervals.  Since  the  area  from  which 
the  hand  sweeping  samples  were  collected  was  small  in  comparison  to  the 
total  sector  area,  the  entire  sector  was  reconnaissanced  each  time  before 
a representative  street  was  selected  for  sampling. 

A sample  was  collected  by  sweeping  several  li  X ^ feet  plots  along 
the  curb  of  the  street.  The  spacing  between  plots  varied  depending 
upon  the  street  selected  for  sampling  but  normally  the  following  pro- 
cedure was  utilized. 

An  initial  reference  point  was  established  approximately  l*^ 
feet,  paced  measurement,  from  a street  corner.  From  this  reference 
point,  a rectangular  I4  X feet  plot  was  laid  out  by  tape.  The  n 
foot  dimension  was  parallel  to  the  curb.  The  plot  was  then  swept 
in  the  direction  of  "from  the  street  to  the  curb"  with  a standard 
bristle  broom.  The  debris  was  then  swept  into  a dust  pan  with  a 
whisk  broom  and  put  in  a plastic  bag.  The  whisk  broom  was  also 
used  to  remove  as  much  material  as  possible  from  cracks  in  the 
pavement.  The  sweeping  criteria  was  "as  clean  as  possible".  A 
second  plot  was  laid  out  approximately  1^0  feet  down  the  street 
from  the  firt.t  plot.  This  same  spacing  between  plots  was  con- 
' tinued  to  the  end  of  the  block.  The  same  orocedure  was  repeated  I 

i 

for  each  subseauent  block.  The  sampling  continued  block  by  block  j 

I 

until  about  three  to  four  pounds  of  debris  was  collected.  The 
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sampling  distance  normally  ranged  from  a minimum  of  one  block 
to  a maximum  of  about  six  blocks  depending  upon  the  debris 


f 

t 

i 


loading  on  the  street. 

In  some  cases,  the  first  sampling  plot  was  established  at  the 
head  of  a drainage  and  the  aforementioned  procedure  was  followed  to 
the  base  of  the  drainage.  The  loca^ion  of  each  sampling  plot  was 
recorded  on  the  laboratory  analysis  sheet  included  with  each  sample. 

Hand  sweeping  samples  were  only  collected  in  the  eight  residential 
sectors.  The  commercial  sectors  were  not  sampled  because  both  are 
heavy  traffic  areas  and  extensive  measures  would  have  been  necessary 
to  assure  the  safety  of  sampling  personnel.  It  was  believed  that  such 
efforts  would  not  have  gainfully  benefited  study  results.  Other  studies 
have  shown  that  the  major  difference  between  residential  and  commercial 
areas  is  only  the  rate  at  which  the  debris  accximulates  (3,  13). 

3.U.  Laboratory  Analysis  Procedures. 

a.  General . Laboratory  analysis  of  the  dry  solid  samples  was 
performed  by  the  Missouri  River  Division  Laboratory  in  Omaha,  Nebraska. 
The  analyses  Included;  1)  a particle  size  analysis  of  both  the  organic 
and  inorganic  material  for  all  samples  and  2)  a quality  analysis  of  the 
material  finer  than  the  U. S.  Standard  number  10  sieve  for  the  "hand 
sweeping"  samples.  Laboratory  sample  preparation  procedures  and 
analysis  methods  are  discussed  in  the  following  sub-units. 

b.  Method  of  Particle  Size  Analysis.  The  particle  size  distribu- 
tion of  the  debris  was  determined  by  ro-tapping  each  ovendry  sample 
through  a nested  set  of  sieves.  The  sieve  nest  consisted  of  U.S. 
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standard  sieve  numbers;  ii,  10,  20,  70,  lijO  and  270.  Standard 
methods  as  outlined  in  EM  1110-2 -1906, were  used  for  the  sieve 
analysis  vrith  the  following  exceptions  or  additions: 

(1)  The  samples  were  not  disaggregated  by  a mortar  and  pestle 
prior  to  sieving.  This  activity  would  have  disproportionally  pulver- 
ized the  vegetative  matter.  Aggregated  soil  was  broken  up  by  hand. 

(2)  The  material  passing  the  No.  270  sieve  was  retained  and 
included  as  part  of  the  other  determinations. 

(3)  The  volatile  fraction  of  the  material  retai^'ed  on  each  sieve  j 

■j 

was  determined  as  outlined  in  Section  22i4G,  13th  Ed.  of  Standard  i 

Methods  for  the  Examination  of  Water  and  Wastewater. 

c.  Method  of  Sample  Preparation  for  Quality  Analysis.  The  analysis 
of  the  qioality  constituents  associated  with  the  street  debris  was  aimed 
at  1)  measiiring  the  level  of  pollution  during  the  runoff  period  and  2) 
measuring  the  residual  level  of  pollution  if  the  runoff  was  collected 
in  a sedimentation  basin.  A somewhat  arbitrary  but  determinative 

laboratory  procedure  was  established  to  synthesize  each  level  of  j 

pollution.  The  "hand  sweeping"  samples  were  prepared  for  simulating 

these  levels  of  pollution  in  the  following  manner:  ^ 

1.  Runoff  Level.  After  sieving  the  ovendry  sample,  100  grams 
of  the  dry  solids  was  recomposl ted  on  the  same  fractional  dry 
weight  basis  as  determined  in  *he  sieve  analysis.  The  portion 
of  the  total  sample  larver  tha;  the  U.3.  Standard  Number  10  sieve 
was  Kept  separate  free  » e r-ort  ion  finer  than  this  sieve.  The 

J 

larger  material  wa*  th-n  washed  with  one  liter  of  distilled  water  \ 


w 


r 


using  the  nu.^.ber  10  sieve  as  a sci’eeninr,  medlur,.  The 
and  the  debris  passing  through  the  sieve  was  eolleoted.  The 
portion  of  the  100  grams  ^iner  than  the  number  10  sieve  was 
add»i  to  this  liquid.  The  resultan*  slurrv  was  then  rap'd  ".ixed 

i 

f for  a five  minute  perncd.  Aliquot  portions  were  drawn  fror  the 

slurry  for  biological  and  chenical  analyses. 

2.  Residual  Level.  One  hundred  grams  o:”  ovendry  solids  ‘'i.ner 
than  the  number  1C  sieve  was  added  to  1 liter  of  distilled  wa‘er. 
The  mixture  was  rapid  mixed  for  a period  of  five  minuses  and 
poured  into  a glass  vessel  to  a depth  o*”  at  leas'.  20  centimeters. 
The  mixture  was  then  allowed  to  stand  nuiescen*  for  one  hour.  '• 
the  end  of  one  hour,  sufficient  liouid  was  sinhoned  fro-  a point 
halfway  between  the  surface  and  sett.led  depc.nits  for  a ~u3li*y 
analyses.  Any  particulate  matter  remaining  in  suspension  a*  *his 
level  was  considered  to  represent  suspended  solids  in  wa.stowater 
treatment  procedures.  The  procedure  for  senarating  sus;  enuen 
solids  from  setl.leahle  solids  is  out.llned  In  section  2211T  o'” 
Standard  Methods. 

d . Quality  Pa’r’amoters  ^-'easured  in  tl.e  Labora t o ry . A sum m a 
of  the  quality  parameters  as  measured  in  the  lahcrator;/  and  oy  th:e 
teat  procedures  are  described  in  Table  2.  An  intended  tes*  for 
nitrates  was  inadvertently  deleted  from  the  labora*or>'  tns's.  -;nw- 
ever,  other  studies  have  shown  that  nit  rates  comprise  only  a',  ou*  nne 
percent  of  the  total  nitrogen  in  street  .iebnis  (H).  All  labora*  ory 
results  are  reported  as  pounds  of  pollutant  per  100  poiinds  o*'  denrls 


d3 


finer  than 
laboratory 


2.0  mm  or  per  100  pounds  of  total  debris.  Individual 
results  are  included  in  the  attached  appendix. 


TABI.F  ? 

Sl^MMARY  OF  PAPAM^FRF  ANP  LAP.OFATOpv  vft»"HOPF 
FOR  ANALYZING  THF  QUAI.IT'^  OF  RTPFF^  DFBPTP  SAMPLFF 
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Method  A - Residual  level  of  nollution  {Section  Standard  'Method 

Method  B - Runoff  level  of  pollution  (Panid  Mix). 
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SECTION  IV 


DATA  EVALUATION 


s.=-:cTroN  TV  - data  ':valuat:cn 


li.l.  Gerier.'il . 

Ono  f'enoral  conclusion  cT  the  street  debris  saxpi  inp  prop"' 
was  an  indication  that  the  noa.jor  dif'‘’erer.ce  between  *he  individual 
residential  study  sectors  related  to  the  arrount  of  debris  or.  the 
streets.  More  specifically,  there  appears  to  be  a 'iire''t  reia*  ic'- 
ship  betvf-en  the  afje  of  the  residential  sector  .and  the  rr)ar;t;tv  of 
street  debris.  This  ccnclusirr  was  also  verified  by  rther  studies 
(it).  However,  there  was  one  exception  to  this  af»e-accu:iulati or 
relationship.  Sector  MR-1,  which  represents  a relatively  r.<uj  or 
your.p  re.sidential  lard  iise  devolop'nent , was  found  to  have  apr  rox  inately 
the  sane  amount  of  debris  on  the  streets  as  older  Sectors  ID-',  and  ’.’R-", 
Thus,  othf'r  physical  factors  such  as  those  described  in  Table  1 nav  also 
affeci.  the  quantity  of  debris  acctmulating  or,  the  street.  To  .sinolify 
ovaluatinn.  of  the  collected  data,  the  studied  re.sider.t  lal  s"'*crs  were 
grnur.ed  into  two  age  categories  — ''new''  .md  "old".  Tl.i.s  grouninr  was 
done  to  compare  differences  in  the  rate  of  de'eris  accunulati on  and 
also  to  snow  the  time  dependent  change  in  probable  runoff  nuality  os 
a given  residential  area  ages,  Sectors  SD-^t , RD-b  and  '•.'R-'^ 

were  grouped  in  the  older  residential  cla.s.si fication  whil'’  sectors 
VR-1,  RA-1,  HR-?,  and  were  classified  as  new  devel  opnerC  ,s . All 

det=*rnirat  ions  ''or  the  grouped  categories  weight  each  sector  enu.ally. 

■^.e  i.a*  a collected  in  this  study  is  evaluated  and  compared  *o  repiort.ed 
findings  i"  the  literature  in  the  following  discussion.  ”ince  the  only 
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'jat«  col]pcted  in  the  cnn-fffr~ial  n.’"‘or'^  wan  •>0-  n*  rp'-“  nv 
nost  of  the  corolusiors  ar»  haa-yi  on  ‘'in'^inps  ‘'rr"  Me  r-*n  ■’ -i a ' 
sectors . 

i.?.  Comrarisor  of  '~'a*a  "olie"^od  in  Her  t ^al  .e--*r.’-n. 

A relative  norrarisor  te*weor  eari  resider*ial  scr*  r wan 
deterwine<i  hy  rankinf  th°  sen'ors  '’or  '‘a-t,  neasure-j  pararofer.  ' n 
ranKir;’  is  incl'ided  ir  !'aM"  . '"hr-  basif  da*  a si’oror*  i ’’p  'Kcso 

raPKinpr  in  incl'ided  in  tpe  a'’r.er'*ix.  'Me  r’:'’M  r'nc  recier!'''  i.n 
‘‘roT  worst  or  highest  level  - ’ noliii’Pcr  '1,  *0  tie  l'*as'  or  :ovo.  • 
level  (B).  The  laboratory  r«sults  *’ron  *he  "hard  na~T 

were  composited  by  weirh.*  inr  the  sa"’p.linr*  ar^^'a  of  ' ne  Mii'^id”a^ 
samrles.  As  previously  discnssod.  quan’ity  of  debris  collect ej  • •• 

*he  styp^h  5veepeo  in  ti.e  "old"  sec'ors  was  per, orally  i’roa*er  Mha”" 
the  "now''  pronpinp  but  there  was  nr  distiTuisharl " 

betweer  the  two  proupinrs  for  the  ovali’y  analyses.  ,.',^!to  definitely . 
any  inference, s based  on  the  larorator;,'  analyses  -i:s*  be  cc-j'niMr'  <.•' 
the  lini*ed  samplinp  tha*  was  conducted  in  e,arb  suc*rn.  I'cyevcr.  ciro. 
most  of  the  measured  onality  rara"”eters  do  rot  differ  |tre-.*ly  '-.’tveo- 
ary  of  the  sectors,  it  was  concluded  fhftt  ar  overall  corposite  'o'.'ld 
he  considered  representative  of  the  pollutar*  "r * ren.-t* h''  of  s*ree* 
debris  within  the  City  of  'rnaha. 

I1.3.  Dehris  on  the  .Ctree*. 

a.  Total  Debris.  ThiO  ouartity  of  ovendry  lebris  ''olio-*°i  by 
the  street  sweepers  durinp  the  surrer  .nwoepir.p  proprar  in  *he  resi- 
dential sectors  ranped  fro-  a hiph  of  fO  poinds  per  c-jr'  -ile  s-.-.-r 
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Table  3 


Ranking*  of  Residential  Study  Sectors  for 
Measured  Pollution  Paraneters 

GROUPED  AGS  CLASSIFICATION  AND  ORDER  OF 

SECTOR  IDENTIFICATION  NUMBER  DIFFSRENC£<hw 

OLD  N5W 


Debris  Collected  by 
Sweeping  Number 
1 

C^ 

1 

.SD-U 

h 

BD-6 

2 

'fTB-l 

h 

^m-l 

3 

BA-1 

6 

MB-2 

7 

MC-2 

R 

7.7 

2 

1 

3 

2 

S' 

U 

6 

7 

Q 

26.  R 

3 

1 

S 

2 

li 

3 

6 

7 

R 

"1.2 

\ 

il 

1 

s 

2 

h 

3 

- 

6 

7 

16.5 

- 

h 

1 

2 

3 

S 

6 

- 

li.2 

Avr. 

1.0 

h.2 

i.« 

3.B 

3.2 

6.6 

7.R 

lollutional  "Strength" 
of  Street  Debris  *« 
Sus.  Solids  B 

3 

2 

7 

6 

1 

li 

2.9 

Settl.  Solids 

3 

6 

h 

R 

2 

1 

7 

u.  ° 

'/ol.  Sus.  Solids 

7 

2 

s 

3 

6 

B 

1 

li 

6.6 

Vol.  Settl.  Solids  1 

h 

2 

3 

7 

6 

c; 

q 

1.9 

BODS  Sus.  Sol. 

7 

2 

6 

3 

1. 

B 

1 

s 

7.1i 

BODi^  Settl.  Sol. 

1 

6 

3 

2 

U 

S 

- 

7 

9.li 

COD  Sus.  .Sol. 

7 

2 

6 

3 

h 

R 

1 

S 

11.8 

COD  Settl.  Sol 

1 

3 

2 

h 

< 

6 

7 

8 

lli.l 

Ext.  P0|^  Sus  Sol. 

7 

• 6 

h 

b 

3 

q 

1 

2 

2.1i 

Ext.  POji  Settl. Sol  1 

S 

h 

3 

7 

6 

2 

S 

2.2 

Tot.  K.lel.N  Sus 
Sol 

7 

3 

h 

6 

7 

R 

2 

1 

23.8 

Tot.  K.iel.N  Settl 
Sol 

2 

3 

1 

h 

S 

6 

fl 

7 

li6.7 

Total  Conforms 

h 

6 

3 

2 

7 

R 

1 

S 

527.8 

Zinc  Sus  Sol. 

2 

6 

1 

7 

h 

R 

3 

r-» 

7 

2.2 

Zinc  Settl.  Sol. 

1 

2 

6 

3 

R 

li 

7 

9.7 

Lead  Sus . .Sol 

2 

6.S 

6.S 

3 

h 

R 

S 

1 

3.li 

Lead  Settl.  .Sol. 

1 

3 

2 

Q 

S 

7 

6 

li 

13.  li 

Nickel  Sus.  Sol 

R 

r'  r' 

• 7 

3 

U 

7 

2 

1 

2.6 

'vi.Kel  Settl.  Sol 

3 

h 

6 

R 

O 

1 

7 

10.  li 

*'er  ;ry  C-ir. . Sol. 

3 

h 

2 

6 

1 

7 

R 

li 

13.6 

Cbromij"!  Su.s  .joI 

h 

Q 

7 

2 

s.s 

3 

1 

3.1 

Chromium  Settl  Sd. 

2 

7 

3 

q 

li 

1 

6 

5.0 

Avr . 

S.'S 

.’:.6 

3.9 

h.l 

S.2 

6.3 

2.P 

P.l 

Tofal  Avg. 

2.-< 

liJl 

2.0 

3.9 

ii.2 

6.0 

li.7 

6.1i 

Hanking  for 
Total  Debris 

1 

2 

ii 

3 

6 

7 

q 

Ciiali  ty 

2 

3 

a 

7 

P 

1 

6 

Overall 

1 

s 

2 

li 

7 

6 

R 

* (l)  Highest  value  measured,  (S)  lowest  value  measured 
**  Pounds  of  pollutant  per  100  pounds  of  debris  5 2.0  mm  particle  sir.e. 
Highest  value  divided  by  lowest  value. 
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in  '3«etor  CC-‘^  t.o  a low  of  ?0  noun'is  rnr  •'■.irh  m iltj  rj'wr.''*  i:. 

Sector  MC-2.  Tne  nuantity  ir.  *he  cor/iier c i al  sectors  ranred  ‘'ror 
a h ' f'h  o'*  ^OCO  pounds  in  Se>'tor  S"-l  to  a low  of  I'^O  pounds  nor 
curb  nile  svept  also  in  Sector  B?-l.  Trie  chronolopy  -f  icb-;" 

collected  by  the  street  sweeper  is  sumnariaed  on  Plate 
naxiniim,  ninimuti,  and  av“ra,>e  O’lanMty  cf  debris  col'erte  i ^\v  ' 
street  sweeper  in  each  rector  a”e  sunr.arized  on  Tla+e 

Since  street  sweepers  do  no*  nicK  up  lOP  percer'^  o'"  •he 
liebris,  the  total  nuantlty  of  iebrir  on  the  street  was  estisi'ed  ... 
‘•■’.e  hand  sweeping  sanplos.  Paced  rn  these  estiratf,  *t-*  average 
acciirulati on  of  debris  or  the  streets  during  the  sarrling  r-orrar 
was  76^5  poinds  per  curb  rile  ''or  *he  residential  se-tors  class; '*;«•? 
as  "old"  and  ISO  pounds  per  curb  ni  ie  for  the  "rf?w''  residen'iai' 
sectors,  .lector  CC-“  had  the  highest  determined  street  loas'i''g  .a* 
1660  pounds  per  curb  mile  while  leetor  t’P-2  had  the  lowest.  .">t  ^ 
pounds  per  curb  mile.  The  average  street  loading  for  rosiden'iai 
areas  as  determined  ‘'rom  another  study,  was  1?00  pounds  per  curb 
mile  (13).  However,  three  of  t.he  *en  cities  included  in  this  s*udy 
had  street  loading.s  conparahle  to  the  loaiinps  '"ound  in  Omaha.  T'-esc 
cities  are  Seattle,  Washington;  Atlanta,  Georgia;  and  ’"ulsa,  f^klahcma 
Average  street  debris  loadings  reported  for  tiicse  cities  were  '.^0, 
Ii30,  and  3 30  pounds  per  cur'ti  mile  in  the  same  resnec'.ivr  order. 

b.  lize  Distribution  ,^^d  Volatile  ■''ractirn  of  Oe''-ri.s.  Th"  sic 
distribution  of  the  organic  and  inorganic  "raeiions  is  consii're.a  a- 
important  descript  ive  par.ameten  of  the  street  debris.  This  in''or-,it  ' 


is  particularly  beneficial  for  assessments  involving  particle  trans- 
port but  perhaps  may  be  even  more  beneficial  eventually  as  a measure 
of  the  "fixation"  potential  for  pollutants.  For  example,  compositeJ 
results  from  investigations  in  ten  major  metropolitan  areas  indicate 
that  the  pollutant  "strength''  of  the  finer  particles  is  several  times 
greater  than  it  is  for  the  larger  particles  (13).  ''Itrength  " in 
defined  in  this  context  as  the  weight,  of  a pollutant  p-er  unit  weight 
of  the  de’nris  to  which  it  is  fixed.  This  is  to  be  expected  since  the 
surface  area  and  the  fixative  '’orces  (adsorption,  absorption,  etc.) 
increase  with  d i.minishing  particle  size. 

The  size  distribution  of  the  inorganic  de'nris  or.  t!ie  streets  wa.s 
found  to  bo  es.senti.ally  log  normal.  The  mean  sice  of  the  particles 
ranged  trom  0.?f  mm  in  sector  to  0.9  mm  in  sector  "articles 

of  this  size  are  classified  as  medium  and  coarse  sand,  •'espectively . T'' 

fact,  most  of  the  inorganic  debris  was  comprised  o"  sand  and  gravel  sized 
particles.  The  silt  and  clay  sized  fraction  ranged  from  ^ to  30  percent 
of  the  total  inorganic  sample.  The  size  di .stribution  of  the  composited 
"hand  sweeping"  samples  for  each  sector  is  plotted  on  il-ate 

The  size  distribution  of  the  organic  debris  was  not  found  to  be 
log  noriia!  over  the  full  range  of  meas'ired  particles  sizes,  ’’he  deV'ris 
passing  the  N'o.  10  sieve,  however,  appears  to  have  essentially  a log 
norr.al  distribution.  Organi''  ma‘erial  passing  +he  t'o.  1C  sieve  is 
generally  in  some  sta*.e  of  derompostior.  because  this  sieve  is  apr’^oxi- 
mately  the  limiting  transverse  diameter  for  nondecomnosed  grass  clipping.'' 
and  other  .small  vegetative  s + ems.  This  conclusion  is  base.i  on  inspection 
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of  'nany  sieved  samples.  It  m-;st  ho  reremhered  for 

part.icles  siioh  as  ^rass  and  othe-  vegetative  material,  the  "i^ve 
analysis  is  not  a true  measure  of  narticle  si?e.  t'evcrtheleas , ‘.'■.e 
mean  particle  size  of  the  orpanic  material,  as  determine(i  by  ■‘.he 
sieve  analysis,  ranped  from  mm  for  sector  11-'^  to  approxinat-ely 
.'i.O  m.m  for  sectors  HD-6  and  Only  a very  small  percen*aro  of 

the  organic  debris  was  determine-)  to  be  finer  than  silt  siz-ed  narti- 
cles.  The  percentage  of  particles  this  fine  ranged  •'rom  1.-  to  .arc;* 
l3  percent.  The  size  distribution  of  t-;e  organic  ‘‘ractio.n  of  the 
street  debris  for  each  resilential  sector  is  plotted  or  'Plato 

In  most  cases,  the  major  portion  of  the  organic  debris  was 
retained  on  the  No.  h or  ’Jo.  1C  sieve.s,  Dince  it  was  corriuded 
previously  that  the  organic  debris  retained  on  these  sieves  is 
essentially  in  a nonderomposed  state,  most  of  the  organic  material 
on  the  street  probably  does  not  have  an  Immediate  oxygen  consuming 
impact  upon  a drainage  system  during  a runoff  event,  material  this 
large,  though,  is  susceptible  t,o  entrap.ment  which  could  eiti.cr  slowly 
add  to  later  oxygen  demands  on  the  system  or  a‘'ter  decay  an()  a sub- 
seouent  runoff  event  add  a concentrated  impact.  This  latter  situation 
is  normally  referred  to  as  the  '*'irst  *'lush"  effect.  The  major  source 
for  such  entrapment  in  urban  areas  is  stor-*-  sever  catch  basins. 

The  next  step  in  the  evaluation  was  to  composite  all  sieve  analyse 
on  the  basis  of  the  previously  e.stablished  age  groupings.  The  resultant 
size  distribution  curves  for  both  the  organic  and  inorganic  fractions 
were  essentially  identical  for  the  two  groupings.  The  grouped  comrosite 
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curves  are  shown  on  Plate  6.  The  only  significant  difference  between 
the  two  groupings  is  that  the  large  organic  debris  in  the  ’'old" 
sectors  was  retained  on  the  No.  Ij  sieve  while  in  the  "new"  sectors 
some  of  the  organic  material  passed  this  sieve  and  was  retained  on 
the  No.  10  sieve.  The  reason  for  this  difference  was  explained  by 
examination  of  the  sieved  samples.  The  large  nondecomposed  organic 
matter  in  the  "old"  sectors  was  largely  leaves  and  small  tree  tarancr.es 
which  are  not  able  to  pass  the  Nc.  u sieve.  The  nondecomposed  material 
in  the  "new"  sectors  is  mainly  grass  clippings,  .Some  of  these  grass 
clippings  pass  through  the  No.  sieve  during  ro- tapping. 

The  percent  of  organic  debris  was  slightly  greater  or,  a toi.al 
dry  weight  basis  in  the  "old"  sectors  than  in  the  "new"  sectors.  The 
composited  organic  fractions  were  ?1.B  and  Ih.C  percent  for  the  "old" 
and  "new"  sectors,  respectively.  However,  the  total  quantity  of 
organic  debris  on  the  streets  in  the  "old"  grouping  was  several  times 
greater  than  the  "new"  residential  grouping.  The  average  Quantity  of 
ovendry  organic  material  on  the  "old"  streets  was  l6?  pounds  per  curb 
mile  of  street.  The  comparable  quantity  in  the  "new"  sectors  was  only 
22  pounds  per  curb  mile.  These  estimates  are  based  on  the  "hand  sweep- 
ing" samples. 

The  particle  size  distribution  of  the  total  street  debris  as 
measured  for  Omaha  is  comparable  to  the  size  distribution  measured 
in  ether  cities  by  the  .Tnvironnental  Frotecticn  figency  (13).  * com- 

parison of  the  size  distribution  analysis  of  the  five  cities  included 
in  the  El’A  Report  and  the  measured  Omaha  data  is  shown  in  Table  )j, 
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Some  extrapolation  of  Omaha  Data  was  necessary  in  the  silt  size 
range.  It  is  significant  to  note  that  less  than  one  percent  of  the 
debris  collected  in  each  city  consisted  of  clay  size  particles. 

This  fact  is  important  in  some  of  the  evaluations  discussed  later 
in  this  report. 

Table  U 

COMPARISON  OF  MEASURED  SIZE  DISTRIBUTION 
ANALYSES  OF  STREET  DEBRIS 

Particle  Percent  of  Particles  in  Size  Range  for  City 

Size  Range  


(Microns) 

Milwaukee 

Bucyrus 

Baltimore 

Atlanta 

Tulsa 

Omaha 

> U800 

12.0 

- 

17. U 

- 

- 

U.O 

2000-U300 

12.1 

10.1 

h.6 

1U.8 

37.1 

8.0 

8h0-2000 

ho.  8 

7.3 

6.0 

6.6 

9.h 

lii.O 

2I46-8I4O 

20. U 

20.9 

22.3 

30.9 

16.7 

29.0 

10U-2U6 

5.5 

15.5 

20.3 

29.5 

17.1 

15.5 

1.3 

20.3 

11.5 

10.1 

12.0 

11.0 

30-U3 

U.2 

13.3 

10.1 

5.1 

3.7 

2.8 

lh-30 

2.0 

7.9 

h.b 

1.8 

3.0 

l.h 

h-lh 

1.2 

k.7 

2.6 

0.9 

0.9 

0.9 

< h 

0.5 

- 

0.9 

0.3 

0.1 

0.5 

c. 

Measured  Pollution 

on  Street. 

Defining 

the  quan 

tl ty  of  a 

pollutant  associated  with  a unit  weight  of  street  debris  is  essentially 
a matter  of  definition.  In  this  study  the  two  major  pollution  levels 
of  concern  were: 

1.  The  pollutants  that  remain  attached  to  particulate  matter 
of  the  size  that  would  probably  be  transported  in  suspension  by  water 
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flow  during  runoff  but  would  rapidly  settle  out  or  deposit  in  a 
nontransit  state. 

2.  The  pollutants  in  solution  and  those  associated  vfith  the 
fine  particulate  matter  that  would  remain  in  suspension  during 
both  a transit  period  and  afterwards  in  some  near  collodial  state. 

Since  neither  the  total  pollution  load  of  the  debris  nor  the  soluble 
load  (part.icles^  0.U5  microns)  was  measured,  estimates  were  developed 
for  each  of  these  levels  based  on  a combined  evaluation  of  results 
published  in  the  literature  and  extrapolation  of  the  data  collected 
for  this  study.  The  meaning  and  conclusions  of  these  estimates  are 
discussed  later  in  the  report. 

The  laboratory  measurements  indicate  that  most  of  the  measured 
pollution  load  was  associated  with  the  settleable  solid  fraction  of  the 
street  debris.  The  average  computed  pollution  loading  on  the  street  for 
the  two  residential  groupings  is  summarized  in  Table  ^ for  each  measured 
quality  parameter.  Sven  though  most  of  the  pollution  was  found  to  be 
associated  with  the  settleable  solids,  the  pollutant  concentration 
(pounds  of  pollutant  per  pound  of  dry  solids  in  analyzed  sample)  of 
the  suspendable  portion  of  the  debris  was  much  greater  than  the  con- 
centration of  the  settleable  debris.  The  pollutant  concentration  for  the 
two  measured  pollution  levels  are  summarized  in  Table  6.  The  pollutant 
concentration  of  the  suspended  pollution  level  was  determined  to  be 
approximately  the  sane  for  both  the  "old"  and  "new"  residential  sectors. 
However,  the  comparative  pollutant  concentration  of  the  settleable 
debris  was  significantly  different  for  many  of  the  measured  parameters. 
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Table 
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s 

.4 

>5 

1i 


AVEfL^GS  MEA-GURED  POLLTfTTON  LOAD  CM  RE.STDENTTAL  GTREZTE 
IN  PCUNDG  PFK  CURB  MILS  OF  STREET 


Measured  ParaiTieter 

Pollution  Loading 

Values  by 

Residential  Ape 

Grcupinr 

Suspended 

Set  tleable 

"Old" 

"New" 

"Cld" 

''New" 

Total  Solids 

6.0 

1.5 

97.1 

25.7 

7olatjle  Solids 

2Ji9 

.CC 

19.0 

1 . 56 

5 

i 

• 

DODc; 

1.92 

.;i6 

U . 61. 

C.LC 

GOD 

1.13 

.6^ 

19.7 

0.".^ 

i 

Extractable  POij 

0.06P, 

0.0?5 

0 . 19 

r\  Q 

Kjeldahl  N'itrofrer 

C.0^9 

O.OLO 

C.?9 

0.01' 

Coli forms  XIO^ 

Zinc 

0.0031 

0 . 00061 

0.02?'. 

''.OO'?-’ 

Lead 

O.OO'i'b 

C/Xl"’ 

0. 0l:6^ 

C.OCl'^- 

Nickel 

O.OOOP'" 

o.oocc?? 

C.CC133 

O.OOOi . 

Mercury 

o.ooqtq 

0. 0001.9 

r- 

Chrominr. 

o.oQor: 

f'.OOOOh 

O.COi:'); 

J 

L. ■ ^ 


Table  6 


MEASURED  POLLUTANT  CONCEJJTfV.TTCN  OF  STREET  DEBRIS  IN 
POUNDS  OF  POLLUTANT  PER  POUND  OF  TOTAL  SOLIDS 

Concentration  by  Residential  Ape  Groupings 

Constituent  Suspended  Settleable 


"Old" 

"New" 

"Old" 

"New" 

0.3? 

0.31 

0.0L8 

0.016 

COD 

0.'^? 

O.l? 

0.203 

0.031 

iCxtrac  table  PO], 

0.0113 

0.0167 

0.0036 

0.0023 

fieidahl  Nitrogen 

O.Olu? 

0.026? 

0.003s 

0.00062 

Mnc 

0.000^2 

O.OOOUl 

O.COO23 

o.onolo 

Lead 

0.00127 

0.00111 

o.oooid 

O.TOOlh 

Nickel 

O.COOOli? 

0.0000^1 

O.OOOOlli 

0.000013 

Mercury 

0.000098 

0.000267 

- 

- 

Chromium 

0.00002'^ 

0.000027 

0.000013 

O.OOOCIC 
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Thie  rfifferpnce,  except  for  lead,  is  rest  sJ^riflcart,  in  the  o„ali’y 
parameters  that  in  some  manner  relate  to  th»  orp:snic  of 

the  debris;  i.e.,  BCDi^,  COL,  and  "'jeldahl  t'itreron.  ’-'och  of  this 
difference  can  probably  be  explained  from  the  data  presented  in 
Table  t.  More  specifically,  the  set*-leable  fraction  in  tne  'old" 
cates’ory  was  comprised  of  IC.^  percent  ( 1'^. 0/o7 .1 ) orpani''  '-.aterial 
while  only  6 percent  (l.‘i<^/2n . 7 ) of  the  settleaMe  material  in  •'he 
"new"  category  was  orpanic.  Thais,  when  the  pollntion  concentration 
of  the  organic  parameters  was  derived  relative  to  ‘otal  solids,  t>ie 
concentration  derived  for  the  "new"  proopinp  was  less.  Comewhat 
better  agreement  between  the  two  proupirps  for  PfDy,  COE,  and 
Kjeldahl  Mi trogen  was  found  when  "-easured  values  *'or  these  parameters 
were  compared  as  a fraction  of  volatile  solids. 

d.  Total  Pollution  on  .Ctrect . Kot  all  of  the  pollution  in  *he 
street  debris  was  measured  by  the  lahcratorn.'  analyses  useii  in  thin 
study.  The  results  of  the  investigations  by  t.he  tinvironment  al  I'rr- 
tection  Apency  indicate  that  the  total  polJutior.  load  ma;.'^  he  sign:  fica-*  iv 
higher  than  was  measured  from  the  settleahle  and  '’iner  debris  (13).  An 
estimate  was  developed  *'or  the  total  pcllut.ion  load  based  o'^  "ocol*s 
of  the  SPA  sf.udies.  The  results  are  included  in  Table  The  es’ima'es 
for  the  ma.ior  pollution  parameters  are  considered  reasonable,  i'rwever. 
the  orders  of  magnitude  differences  for  the  hea^p^  metals  mahen  those 
estimates  suspect.  It  is  not  known  whether  the  actual  heay.-  -efat 
loading  In  ..yaha,  Mebraska  is  much  less  than  the  levels  measur«d  ic 
the  cities  sampled  by  .3TA , or  whether  t !;e  labcra'rry  findirut7  ar^  i’ 
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error.  It,  is  believed  that,  the  measured  heavy  metal  loadir.p  shoiild 
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be  at  least  20  to  2^  percent  of  the  total.  Nevertheless, 
estimated  values  are  used  for  subseouent  evaluations. 
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■fable  7 


COMPARISON  0?  MFASiJRSri  AND  SSTiyATPD 
TOTAL  POLLUTION  LOAD  7CR  RESIDi'NTLiL  STR.FFT  D.FB.IIS 
IN  OMAHA,  ‘;:^RASKAi/ 


Pollution  Parameter 

Pollution 

Load 

Pounds  Ter 

Cvirb  Vile 

founds  Per 

■ Acre  - 

Total 

Measuredli/ 

Total 

Measured 

Total  Bolids 

6^,1 

26.12/ 

3." 

Volatile  Solids 

9.” 

!;.9i/ 

O.bf'’ 

D0D(J 

10.'- 

1,7 

C.''2 

O.oi 

COD 

21. 

12.1 

1 . uh 

0.7U 

Ext.  P0|^ 

0.3^ 

0.26 

0.020 

0.016 

Kjel.  Nit. 

0.7)* 

0.2'u 

0.0).  3 

O.Oll 

p / 

Coliforms  X 10 

2/i.2 

- 

1.^25/ 

Zinc 

0.21 

O.Oll* 

0.012 

0.0008 

Lead 

0.1? 

0.030 

0.011 

0.0017 

Nickel 

0.016 

O.Xl 

0.0000 

c. 00006 

■’hromiurr: 

0.036 

O.OOC36 

0.1')021 

0. 00006 

1.  Averape  values  for  all  studied  residential  sectors. 

2.  Colony  count, 

3.  Average  street  density  of  3H  curb  feet  per  acre, 
h.  Includes  settleable  and  finer  debris. 

s.  Keasurea  values. 
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e.  Distribution  of  Pollutants  by  Size  Fraction.  During  a 
precipitation  wetting  and  runoff  event,  the  street  debris  assumes 
some  mass  distribution  of  particulate  matter  while  suspended  in 
runoff.  The  particulates,  as  separated,  range  in  size  from 
molecular  to  material  much  larger  than  2 mm  In  diameter.  Each 
size  fraction  Is  comprised  of  both  organic  and  Inorganic  material. 
Consequently,  each  fraction  has  some  associated  pollution  load. 

An  estimation  of  the  wetted  particulate  and  associated 
pollutant  dlsassociation  would  be  beneficial  for  evaluatinp  the 
contribution  and  water  quality  impact  of  the  street  debris. 

Potential  applications  include: 

1.  Simulation  of  pollutant  transport  and  loading  through  the 
use  of  existing  particulate  transport  theories; 

2.  Relating  measured  runoff  pollution  loads  to  "in  situ" 
pollution  sources;  and 

3.  Estimating  the  effectiveness  of  pip’sical  treatment  systems; 
e.g.,  screening,  in  reducing  pollution. 

The  degree  of  dlsassociation  and  distribution  of  the  measured 
quality  parameters  by  particle  size  was  estimated  using  the  measured 
laboratory  results  and  the  values  computed  for  total  pollution  load 
from  the  EPA  study.  The  data  for  the  suspended  and  finer  material 
was  adjusted  slightly,  because  of  a discrepancy  in  laboratory 
procedures  between  the  measurement  of  the  suspended  load  and  the 
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settleable  plus  suspended  pollution  load.  (The  laboratory 
procedure  for  raeasurlnp;  the  suspended  load  only  did  not  Include 
washing  of  the  debris  larger  than  the  U.  S.  Standard  No.  10  sieve. 
The  larger  debris  was  washed  when  the  settleable  and  finer  fraction 
load  was  measured.)  The  amount  of  adjustment  was  based  on  the 
results  of  two  laboratory  measurements  of  washed  plus  10  debris. 

The  distribution  of  the  pollutants  by  particle  size  is  plotted  on 
Plate  7.  Since  laboratory  procedures  were  not  initially  established 
to  measure  the  distributed  load  phenomena,  the  results,  as  shown  on 
Plate  7,  are  somewhat  superficial.  The  curves,  however,  are 
considered  representative  of  potential  findings.  Their  application 
and  use  are  more  fully  qualified  in  this  report.  The  results  for 
three  particle  size  ranges  are  compared  to  KPA  findings  in  Table  8. 


TABLE  8 

COMPARISON  OF  f.'EASUREP  POLLUTION 
LOADS  FOR  VARIOUS  PARTICLE  SIZE  FRACTIONS  OF 
STREET  DEBRIS  IN  PO?r>ITXS  PEP  CURB  OTLE 


Pollution 

Parameter 


1/ 


Cltyi.' 

Milwaukee  Bucvrus  Baltimore  Atlanta  Tulsa 


Omaha 


( Total  Pollution  I/)ad  ) 


Total  vSollds 

2700 

1400 

1000 

430 

330 

456 

Volatile  Solids 

180 

150 

18 

19 

84 

BOD5 

12 

2.Q 

6li/ 

1.9 

14 

iO.Q 

COD 

48 

29 

2Q2/ 

13 

30 

25.5 

KJel.  Nit. 

1.4 

1.2 

1.9 

0.5 

0.7 

0.7 

Ext.  PO4 

( Pollution 

0,27  0,25  1.0  0.26 

Load  for  Debris  < 104  V Particle  Size) 

0.54 

0.35 

Total  Solids 

248.4 

646.8 

295 

78,3 

65.0 

88.9 

Volatile  Solids 

78.3 

65.2 

41.8 

25.4; 

13. 5-' 

11.2 

8.8 

8.7 

BOD5 

COD 

5.0 

1.2 

0.8 

5.8 

3.4 

32.5 

19.6 

8.8 

20.3 

10.5 

KJel.  Nit. 

0.25 

0.22 

0.34 

0.23 

0.32 

0..32 

Ext.  PO4 

(Pollution 

0.23  0.21 

Load  for  Debris  <43 

0.86 

u Particle 

0.22 
Size ) 

0.46 

0.28 

Total  Solids 

213.3 

362.6 

180.0 

34.8 

25.4 

31.9 

Volatile  Solids 

46.1 

38.4 

24.6 
14 . 8- 
4.5i/ 

U.7 

5.6 

4.0 

BODc 

2.9 

0.7 

0.5 

3.4 

2.4 

COD 

10.9 

6.6 

3.0 

6.8 

5.9 

KJel.  Nit. 

0.01 

0.01 

0,01 

0.14 

0.19 

0,15 

Ext.  PO4 

0.15 

0.14 

0.56 

0.15 

0.30 

0.20 

i'^From  Reference  13,  except  Omaha. 
S/values  as  reported  in  Literature. 
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4 . U . Derivation  of  Input  Data  for  STORM. 

a.  General . As  previously  stated,  the  major  reason  for 
collecting  and  analysing  the  street  debris  data  was  to  develop 
reliable  Input  values  for  the  water  quality  subroutine  in  STORM. 

The  data  was  used  to  determine  input  values  for: 

1.  ;^rreeper  efficiency; 

2.  Rate  of  debris  accumulation;  euid 

3.  Pollutant  "strength"  of  the  accumulating  debris. 

The  derivation  techniques  and  the  resultant  input  values  are 
discussed  in  the  following  paragraphs. 

b.  Sweeper  Efficiency.  The  efficiency  of  the  street  sweeper 
used  in  the  study  was  evaluated  through  a comparison  of  results 
from  the  "hand-sweeping"  and  "street-sweeping"  programs.  The 
"hand -sweeping"  results  were  assumed  to  represent  the  true  debris 
conditions  for  the  sector  for  both  debris  loading  and  particle 
size  distribution.  The  overall  sweeper  efficiency  was  determined 
by  dividing  the  average  quantity  of  debris  collected  by  the  street 
sweeper  per  curb  mile  by  the  average  total  street  loading  as 
determined  that  the  street  sweeping  efficiency  in  the  "old" 
residential  sectors  was  approximately  33  percent  while  the  efficiency 
in  the  "new"  sectors  was  approximately  59  percent.  Sweeper 
efficiency  in  the  "old"  sectors  Is  probably  less,  because  of  the 
type  and  condition  of  streets,  curbs,  and  gutters  and  also  because 
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of  significant  on-street  parking  durlnp  the  period  of  street 
sweeplnf!.  Because  of  on-street  parklnp,  the  broom  onerator  is 
not  able  to  sweep  alonR  the  entire  curb  of  the  street;  thus,  the 
sweeping  efficiency  ner  mile  of  street  curb  is  reduced.  These 
calculated  sweeper  efficiency  values  were  considered  reasonable, 
based  on  results  of  sweeper  efficiency  tests  usinp  test  plots 
In  another  study.  The  overall  debris  removal  efficiency  for  these 
tests  ranged  from  11  to  62  percent  (13). 

Street  sweepers  appear  to  pick  up  larger  debris  particles 
more  efficiently  than  finer  particles.  The  composited  sieve  analyses 
of  the  "street  .sweeper"  samples  for  each  residential  ape  proupinp 
had  only  about  3 percent  of  Inorpanlc  particles  finer  than  silt, 
while  nearly  42  percent  of  the  particles  were  larper  than  2.0  mm. 

The  corresponding  hand-sweeping  results,  representative  of  the 
"in  situ"  state,  were  13  and  22  percent  respectively.  The  composited 
sieve  analyses  of  the  "street  sweeper"  samples  are  shown  on  Plate  8. 
The  street  sweeper  pick-up  efficiencies  for  various  sis;e  fractions 
of  the  debris  was  estimated  using  the  composited  "hand -sweeping"  and 
"street-sweeping"  sieve  analyses  on  Plates  6 and  8,  respectively, 
and  the  overall  sweeper  efficiencies  computed  previously.  The 
results  are  presented  in  Table  9. 


TABLK  ^ 


STREET  SWEEPER  REMOVAL  EFFICIENCY  FOR  VARIOUS  SIZE  FRACTIONS 
OF  RESIDENTIAL  STREET  DEBRIS  IN  OMAHA,  NEBRASKA 

Particle  Size  Computed  Sweeper  Efficiency  in  Percent 


Range 

"Old" 

"New' 

> 2.0  mm 

54 

100 

1. 0-2.0  mm 

42 

89 

0. 5-1.0  mm 

37 

56 

0.2-0. 5 ram 

28 

32 

0.1-0. 2 mm 

19 

18 

< 0.1  mm 

11 

12 

Overall 

33 

59 

The  size  distribution  of  the  debris  collected  by  the  mechanical 
street  sweeper  in  commercial  sector  BB-1  when  plotted  on  log-normal 
paper,  fell  between  the  "old"  and  "new"  residential  inorganic 
plots.  Since  the  volatile  solids  determinations  for  this  coranerclal 
sector  indicate  that  less  than  4 percent  of  the  debris  was  organic, 
it  was  considered  that  the  size  distribution  plot  of  the  total 
sample  was  approximately  the  same  as  an  inorganic  plot.  Since  the 
resiiltant  distribution  lies  between  the  residential  groupings,  it 
was  assumed  that  the  sweeper  efficiency  for  this  comnerclal  sector 
was  probably  somewhere  in  between  the  two  residential  groupings. 

If  so,  the  size  distrioutlon  of  the  debris  "in  situ"  should  also 
approximate  that  of  the  inorganic  fractions  in  the  residential  sectors. 


For  simplicity,  an  overall  sweeper  efficiency  of  ^0  percent  ai.d 


the  size  fractional  efficiency  of  the  "new"  residential  proupinf’ 
was  assTJuned  as  representative  for  this  sector.  The  resultant 
computed  "in  situ"  size  distribution  for  BB-1  and  the  composited 
size  distributions  of  the  mechanical  sweeper  samples  for  ^he  two 
commercial  study  sectors  is  shown  on  Plate  9. 

The  size  distribution  of  the  debris  collected  alonp  Center 
Street  differed  greatly  from  any  of  the  other  study  sectors. 

Therefore,  no  attempt  was  made  to  evaluate  the  "in  situ"  size 
distribution  of  particles  in  this  sector.  Based  on  mere  judgment, 
the  sweeper  efficiency  along  this  sector  was  assumed  to  be  the 
same  as  for  the  "old"  residential  grouping. 

c . Basis  for  Determining  Debris  Accumulation  Rate  on  Street . 

The  quantity  of  debris  on  the  street  is  known  to  vary  considerably 
from  one  location  to  another  and  from  time  period  to  time  period. 
Research  investigations  have  determined  that  the  expected 
accumulation  at  a given  time  and  place  is  primarily  dependent  upon  (13): 

1.  Time  since  last  cleaning  or  rainfall; 

2.  Season  of  the  year:  and 

3.  Type  and  physical  characteristics  of  the  locale. 

On  a hypothetical  basis,  the  accumulation  and  removal  of  the  street 
debri s has  been  depicted  as  shown  in  Figure  5.  The  only  mechanisms 
by  which  debris  is  removed  is  sweeping  and  precipitation  runoff. 


The  removal  by  the  sweeper  is  assumed  to  be  a uniform  percentage 
of  the  total  accumulation.  The  amount  of  debris  removed  by 
precipitation,  however,  is  dependent  upon  the  intensity  and 
duration  of  the  precipitation  event.  This  is  the  hypothetical 
situation  for  debris  accimiulation  and  wash-off  that  is  modeled  by 
STOPM.  The  accumulation  rate  is  assumed  to  be  linear  and  constant 
throughout  time  up  to  a possible  meucimum  total  accumulation  of 
100  days. 


TIME 

Figure  5.  Linear  Accumulation  of  Debris  on  Street  with  Removal 
Tfechanisms  of  Rain  and  Street  Sweeping  Only. 


From  a limited  scope  investigation  of  debris  accumulation  rates 
by  the  Environmental  Protection  Agency,  it  was  determined  that  the 
accumulation  of  debris  in  a residential  land  use  sector  is  best 
described  by  the  equation  (13): 


.0565X 


Y = 426  e 


(«) 


Where  Y = pounds  of  acc'-ur’.uleted  debris  per  curb  mile 

X = number  of  days  since  the  street  was  last 
cleaned  by  sweeping  or  precipitation. 

The  equation  is  presented  graphically  in  Fipnire  6.  As  shown  by 
the  plot,  the  accumulation  rate  after  the  first  day  is  anproximately 
linear  over  the  time  interval  included  for  the  praph.  After 
reviewing  the  methods  used  by  EPA  to  evaluate  their  data,  it  is 
probable  that  the  large  first  day  accumulation  is  either  1 ) the 
residue  left  on  the  street  after  sweeping,  2)  debris  not  flushed 
from  the  street  by  the  assiomed  major  precipitation  event,  or  3) 
debris  brought  onto  the  street  and  deposited  during  the  precipita- 
tion event.  A major  precipitation  event  is  identified  as  at  least 
one-half  {^)  inch  or  more  of  rainfall.  The  simulation  parameters 
in  STORM  account  for  the  residuals  left  on  the  street  from  the  first 
two  cases,  but  does  not  account  for  the  possibility  of  any  debris 
being  washed  onto  the  street  from  the  surroundinh  land  surface. 

The  reintroduction  of  debris  onto  the  street  during  precipitation 
may  be  significant.  It  was  found  during  a study  of  debris  accumulation 
"in  Chicago  that  there  was  a high  residual  loading  of  debris  remaining 
on  the  streets  after  a significant  rainstorm  event.  In  some  cases, 
the  residual  loading  was  even  greater  than  the  street  loading 
immediately  prior  to  the  precipitation  event  (1). 
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Source:  Reference  13 


For  the  case  where  debris  is  assumed  to  accumulate  lir.ear'.y 
over  time,  as  in  STOH>i,  it  can  be  shown  mathematically  that  for 
any  given  historic  period,  there  is  some  average  acc’umula’i,ion  of 
debris  on  the  streets  immediately  prior  to  precipitation . The 
average  accumulation  is  dependent  upon  1)  the  frequency  and 
efficiency  of  street  cleaning,  and  2)  the  Intensity,  duration, 
and  frequency  of  precipitation  in  the  area.  The  first  is  input 
as  controlled  variables  in  STOPdi.  In  model  application,  the 
latter,  for  a given  evaluation  period,  can  be  replaced  by  an 
average  precipitation  event  recurring  at  equal  tim.e  increments 
throughout  the  evaluated  historic  period. 

The  average  annual  summary  data  in  the  STORdi  output  was  used 
to  compute  the  impervious  area  runoff,  Rj,  for  the  average 
precipitation  event  at  Omaha,  Nebraska.  The  evaluation  period  was 
years  1949  through  1973.  Hourly  precipitation  recorded  at  Fppley 
Airfield,  Omaha,  Nebraska  was  used  as  input  data  for  the  model. 

The  average  impervious  runoff  event  determined  by  this  analysis 
is  shown  on  Plate  10.  If  equation  6,  Section  II  is  modified 
slightly  by  setting  Pn=l  for  the  first  hour  of  runoff,  computing 
?jlUp  for  each  hour  of  runoff,  and  summing  over  the  time  neriod  of 
runoff,  the  total  debris  removal  fraction  for  this  average 
precipitation  event  can  be  determined.  The  debris  removal  fraction 

»'Hp*  = 0.465  Pp*  (<^) 
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for  Omaha  was: 


The  superscript,  »,  Is  used  to  denote  an  averape  value.  The  value 
for  MUp*  can  he  computed  from  STORM  output  and  the  equations; 

>iJ*hod  = (TLbod  - O.lOTLsus  - 0.02TLset )/TAE  (lOa) 
MU*nit  = (TLnit  - 0.045TLsus  - O.ClTLset )/TAE  (lOh) 
MU*po4  = (TLpo4  - 0.0045TLSUS  - O.OOlTLset )/TAE  (10c) 

where 


TL  = Total  annual  computed  load  for  the  subscript 
pollutant . 

TAE  = Total  annua]  number  of  computed  runoff  events. 

A value  for  MUp»  cannot  be  computed  directly  from  the  suspended  and 
settleable  solids  load  because  of  the  non-linear  availability 
factor,  Ap.  The  average  pounds  of  each  pollutant  on  the  street, 
Pp»,  immediately  prior  to  the  precipitation  event  can  then  be 
determined  from  equation  9.  If  equation  4,  Section  II  Is  modified, 
it  can  be  shown  that  the  pounds  of  each  pollutant  on  the  street 
can  be  redefined  as: 

NDp*  = Pp»/FpDDl  (11) 

where 


NDp*  = Equivalent  nximber  of  days  of  pollutant  accumula- 
tion on  the  street  at  the  start  of  the  average 
nrecipitation  event. 

Fp  = Pound  of  pollutant  p per  pound  of  dust  and  dirt 
( Input  value ) . 

DDj^  = Daily  rate  of  dust  and  debris  accunmlatlon  on 
the  street  ( Input  value ) . 
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Theoretically 

mi*bod  = ND*nlt  = ND*pol4  = (If) 

where 

^JD*  = Averaf^e  number  of  days  of  pollutant  accjtmulation 
on  the  street  at  the  start  of  precipitation. 

In  actuality,  they  are  not  equal  because  of  roiind-of^  errors  durinr 

nrofTram  coirmutations  for  each  individual  runoff  event.  An  averape 

value  for  the  three  determinations  was  used  for  MP* . As  stated 

previously,  the  computed  is  also  dependent  upon  street  .cweeninp 

frequency  and  efficiency.  By  holdinp  the  efficiency  factor 

constant  and  varying  the  frequency  of  sweepinm,  a curve  car.  ''e 

developed  showing  the  relative  effect  various  sweeper  frecucr''ies 

would  have  had  on  the  histogram,  of  debris  accumulation  or.  the 

street.  The  resultant  curve  dcveloned  for  Omaha  is  shown  on 

Plate  11.  A sweener  efficiency  of  50  percent  was  used  in  the 

development  of  this  curve.  As  shown,  this  curve  is  as.'mtotic 

and  approaches  a maximum  at  aoproximately  14  days  of  accumulation. 

This  curve,  in  effect,  indicates  that  even  with  only  a minim.al 

amount  of  street  sweeping,  the  freouency  of  occurrence  and  intensity 

of  precipitation  around  Omaha  has  been  such  that  the  average 

quantity  of  debris  on  the  street  woild  be  somewhat  less  than  what 

would  be  expected  to  deposit  over  a 14-day  neriod.  ’A'oekiy  .street 

sweeping  would  reduce  the  average  quantity  of  debris  on  the  street 
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to  5.5  accumulation  days. 


This  derived  curve  was  used  to  compute  linear  accumulation 
rates  for  the  quantities  of  dehris  measured  on  the  streets  in  this 
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study,  rt  was  assumed  that  both  the  quantity  of  debris  on  the 
street  and  the  accumulation  of  debris  during  the  study  period  was 
typical  of  historic  trends.  This  may  or  may  not  be  true,  because 
of  the  dry  weather  experienced  during  the  first  half  of  the  study 
period.  The  effect  of  sweeper  efficiency  was  disregarded,  because 
I the  results  of  the  sensitivity  analysis  shown  on  Figure  3 indicate 

[ that  the  probable  change  in  debris  accumulation  would  be  less  than 

5 percent  for  the  determined  efficiencies  of  33  and  51  percent  for 
the  "old"  and  "new"  residential  sectors,  respectively. 

d.  Accumulation  Rates  of  vltreet  Debris.  Three  methods  of 

i 

analysis,  all  based  on  the  nreceding  derivations,  were  used  to  make 
; separable  determinations  of  debris  accumulation  rates  for  the 

residential  study  sectors.  These  methods  of  analysis  were: 

1.  Determination  of  Accumulation  Rate  from  First  ^fechanical 
Street  Sweeping.  From  discussions  with  officials  from  the  City 
of  Omaha,  Nebraska,  it  was  determined  that  the  normal  sweeping 
frequency  in  residential  sectors  is  approximately  45  days.  On 
this  basis,  it  was  assumed  for  this  study  that  the  amo\int  of  debris 
on  the  .street  imm^’dlately  prior  to  the  first  measured  street 
sweeping  was  ecui valent  to  12.5  days  of  debris  accumulation.  The 
accumulation  period  was  determined  from  Plate  11  using  an  abscissa 
value  of  45  days.  The  accumulation  rate  of  the  debris  was  then  determined 
by  the  equation: 


A 


dd^  = (IT) 

52.<*E  ^rn* 

where 

ddj^  = Daily  acciinulation  of  ovendry  dehris  in  pounds 
per  day  per  lOD  feet  of  curh. 

TD^  = Total  ovendry  pounds  of  debris  collected  by 

sweeper  during  first  sweepinf;  per  curb  mile  swept. 

E = Estimated  sweeper  efficiency. 

ND*  = Averaf^e  number  of  days  accumulation  of  debris 
on  the  street  based  on  historic  precipitation 
and  specified  sweeper  frequency  (for  this 
instance,  4f^  days). 

2.  Determination  of  Accumulation  Pate  From  All  Mechanical 
Street  Sweepings.  It  was  assumed  in  this  analysis  that  the  Quantity 
of  debris  on  the  street  Immediately  nrior  to  the  sweeping  was 
equivalent  to  the  accumulation  at  flD*.  Since  the  sweeping  interval 
was  approximately  15  days,  ND*  was  assumed  to  be  days.  To 
determine  the  daily  accumulation  rate,  dd^,  for  the  study  period, 
acctunulatlon  rates  were  computed  separately  for  1)  the  debris 
remaining  on  the  street  after  sweeping  and  2)  the  debris  collected 
by  the  street  sweeper.  For  the  first  determination,  the  average 
quantity  of  debris  remaining  on  the  street  after  sweeping  was 
initially  computed  using  the  eqiiatlon: 
n 

R =(  T TDi)  (1-E/nE) 

1=1 
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(14) 


1 


where 

R = Average  ovendry  pounds  of  debris  remaining  on 

the  street  after  cleaning  in  pounds  per  curb  mile, 

n = Total  number  of  times  sector  was  swept  during  the 
study  period. 

TDl  = Total  ovendry  sweeper  acc\imulation  for  sweeping 
i in  pounds  per  curb  mile. 

E = Sweeper  efficiency. 

The  accumulation  rate  for  this  residual,  R*,  was  then  determined 
by  the  equation: 

R*  = R/52.8  ND*  (15) 

where  R*  is  in  units  of  pounds  accumulated  per  day  per  100  feet  of 
street  curb  swept. 

For  the  second  determination,  the  daily  accumulation  rate  for 


the  debris  removed  by  the  sweeper  was  described  by  the  equation: 


n 

DR  = I TDi  + ((1=E/E)(TIV,  - TDi ) ) (16) 

1=2  52. 8D 

where 

DR  = Average  daily  accumulation  of  debris  in  pounds 
per  curb  mile  per  day, 

D = Number  of  days  between  initial  and  final  street 
sweeping . 

Summing  the  two,  the  dally  accumulation  rate  was  determined  as: 


ddL  = R + DR 


(17) 


3.  Determination  of  Accunulatlor.  Rate  From  Par.d-.Dwee;  inr. 


1 * 

was  assiimed  in  this  analysis  that  each  hand-sweepinp  sample  war  a 
measure  of  the  debris  accumulation  at  W . rincr,  these  samples 
were  all  collected  durinr  the  anproxiir.ate  15-day  sweeping  interval, 
ND  was  again  assimed  to  be  approximately  ^ days.  The  daily 
accumulation  rate  was  determined  by  the  equation: 

ddj^  = H!5/52.3MD*  OR) 

where 

HD  = Weighted  average  ovendry  nounds  of  debris  on 
the  street  as  determined  from  ''harid-sw'eeping" 
samples  in  pounds  ner  curb  mile. 

The  daily  debris  accumulation  rates  for  each  residential  sector 

are  summarized  in  Table  10.  An  arithmetic  average  of  the  three 

determinations  was  assumed  to  be  the  accumulation  rate  for  street 

debris  within  each  sector. 

The  average  accumulation  rates  fo”  the  two  aged  groupings  were 
determined  to  he  1.97  and  O.IR  nounds  per  day  ner  1^0  feet  of  street 
curb  for  the  "old"  and  "new"  residential  sectors,  respectively. 

TABLE  10 

COtlPUTED  DATI,'^  ACClPHH.i\TTON  OF  DFRP.ir.  FOP 
RESIDENTIAL  STUDY  SECT0.PS  IN  POVllDS  PEP  DAY  PER  100  OI'PB  FEET 

Ifethod  of 


Determination 

Accumulation 

1 for 

Resident 

ial  Sec 

tor 

CCS 

SD-4 

PD-A 

V/B-7 

PA-1 

’’D-P 

Mp-p 

1 

T .OR 

I.IR 

1.21 

1 .11 

0.02 

0.43 

0 . 

2 

3.^1 

0.72 

2.20 

0.70 

0.50 

or* 

0.10 

0.0'* 

3 

1.49 

O.RO 

1 .45 

0.70 

0.?'^ 

0.  hO 

0.14 

0.2  5 

Average 

3.70 

0.90 

.•" . 12 

0.51 

0.41 

0.25 

0.21 

Composited  Avg.  1.97  0. 3-f 
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Methods  1 and  2 were  utilized  to  determine  the  accumulation 


rates  in  the  commercial  sectors.  (No  "hand- sweeping"  samples 
were  taken  in  these  sectors.)  The  computed  results  are  4.75  and 
0.83  pounds  per  day  per  100  feet  of  curb  for  sectors  BB-1  and 
Center  Street,  respectively.  The  results  determined  for  sector  BB-1 
are  neatly  Influenced  by  the  larf^e  amount  of  debris  collected 
on  the  first  sweeping. 

e.  Accumulation  Rate  for  Debris  Fraction  Removed  by  Runoff.  In 
assessing  the  pollutional  aspects  of  debris  on  the  street,  it  was 
assumed  in  the  Chicago  study  that  only  the  debris  and  the  associated 
constituents  passing  through  a 1/8  inch  diameter  sieve  would  be 
Included  as  part  of  the  runoff  pollution  load  (1).  The  equivalent 
particle  size  is  approximately  3 mm.  Particles  of  this  size  are 
classified  as  very  fine  gravel.  The  studies  by  the  Environmental 
Protection  Agency  determined  that  some  particles  greater  than  2 mm 
are  removed  from  the  street  during  runoff  by  either  saltation  or 
suspension  movement,  but  essentially  all  particles  of  this  size  are 
retained  in  the  storm  sewer  catch  basin  (13).  Therefore,  only  the 
debris  finer  than  2 mm  in  diameter  was  considered  to  contribute  to 
the  runoff  pollution  load  in  this  study.  The  composited  sieve 
analyses  on  Plate  6 show  that  the  fractional  difference  between 
the  particle  sizes  used  in  the  Chicago  study  and  this  study  is  less 
than  6 percent. 


Approximately  72  percent  of  the  total  street  detrls  was  found 


to  be  less  than  or  equal  to  2 mm.  in  diameter.  Therefore,  the 
adjusted  acciamulatlon  rate  for  the  debris  sine  ''racticns  assumed 
to  be  removed  by  runoff  would  be  l./.2  and  f.2?  pour; Is  ner  day  ner 

100  feet  of  street  curb  for  the  "old"  and  "new"  sectors,  respectively.  j 

f.  Adjustment  of  Acciamulatlon  Rate  for  Unmeasured  Debris  , 

Loadinf^  on  Street.  The  "hand-sweepinr"  data  collected  for  this 

st\idy  measured  onlv  the  street  debris  deTOsited  within  four  feet  of  ; 

1 

I 

the  curb.  The  studies  conducted  by  the  Environmental  Protection  ' 

A,^ency  found  that  approximately  percent  of  the  total  street 

1 

debris  is  contained  within  this  portion  of  the  street  (13).  ''^owever,  | 

to  compute  the  total  street  loadinr,  the  accumulation  rate  v/as 

adjusted  to  account  for  the  unmeasured  portion.  It  is  assumed  that  I 

'j 

the  distribution  of  the  material  is  similar  to  that  of  the  collected 
debris.  V,'ith  this  adju.stment,  the  total  accumulation  rate  for  the 
pollutional  debris  (£  2 mm)  is  1.4^  and  0.27  for  "old"  and  "new" 
residential  sectors,  respectively. 

(».  Quality  Input  Values  for  ETQRM.  Based  on  the  results  and 
interpretations  of  this  study  data,  the  quality  input  parameter.s  i 

for  operation  of  STOR?^  were  developed.  The  mass  emission  of  pollution 
computed  by  the  model  during  a precipitation  event  consist.s  of  a 
summated  value  for  the  pollution  associated  with  the  .soluble, 

I 

1 


r 


r 


suspended,  and  settleable  solid  fractions.  As  stated  previously, 
the  soluble  pollution  load,  per  se,  was  not  measured  in  this  study. 
However,  since  the  measured  laboratory  results  include  the  soluble 
fraction,  a warranted  value  for  the  soluble  pollution  loading  can 
be  estimated.  A soluble  value  for  each  pollution  parameter  was 
obtained  from  the  extrapolated  curves  on  Plate  7.  The  data  was 
extrapolated  only  to  a particle  size  of  5 microns,  because  of 
the  increasing  uncertainty  that  would  be  Introduced  in  the  analysis 
by  extrapolating  to  a finer  particle  size.  This  point  was  considered 
to  be  the  effective  filtration  diameter  for  separating  soluble  and 
insoluble  particulates.  The  actual  particle  diameter  separating 
soluble-insoluble  classifications,  although  not  specifically 
defined,  is  approximately  one  order  of  magnitude  finer.  This 
interpretive  analysis  was  considered  valid,  because  the  pollution 
curves  are  accumulative  with  particle  size  and  errors  become 
self-correcting  with  increasing  particle  size.  The  input  values 
for  STORJi<  for  the  residential  land  use  classification  in  Omaha, 
Nebraska  is  Included  in  Table  11. 

The  soluble  pollutant  "strength,''  as  determined  for  Omaha,  is 
somewhat  less  than  the  values  measured  in  the  Chicago  study.  It  is 
speculated  that  at  least  some  of  the  difference  is  accounted  for  by 
differences  in  sample  preparation.  All  of  the  debris  passing  the 


1/9  inch  diameter  sieve  in  the  Chicaf^o  study  was  pulverized  prior 
to  filtering  for  analysis  (l).  This  action  would  tend  to  divide 
the  dried  organic  matter  into  very  fine  nartic  le*es.  Thus,  the 
measured  soluble  pollution  loading  would  ie  increased.  The  organic 
material  was  not  pulverized  in  this  study. 

The  basic  water  quality  equations  used  in  the  model  (equations 
7c,  7d,  and  7e)  were  also  recomnuted  based  on  study  Tlndinfts. 

The  recomputed  equations  are: 

MlTbod(t)  = Pbod(t)  EXPT  + 0.46  if'sns  + 0.04  'i^Isettl  (I'^a^ 

llUnit(t)  = Pnit(t)  E.XPT  + 0.03  hib'sus  * 0.003  ''Ilsettl  (lob) 

iiUpo4(t)  = Ppo4(t)  EXPT  + 0.009  Wsus  + 0.003  ’fi'settl  ( l^c  ^ 

The  original  equations  are  fixed  in  the  STOR'*  prorram.  However, 
it  was  found  that  the  runoff  pollution  loadings  comnuted  by  the 
model  could  be  separated  by  particle  size  fraction  a*nd  adjusted  to 
account  for  the  differences  betv/een  the  original  and  these  recomputed 
equations.  Results  from  the  use  of  the  derived  input  values  in 
the  model  are  discussed  in  the  next  section. 


f.Q 


TABLE  11 


CCT.TUTED  QUALITY  INPUT  VALUES  FOR  "ST0R»^" 

Residential  Land  Use 
"Old"  "New"  Combined 


Accumulation  Rate  for 

Pollutional  Debris  (lbs/day/100'  curb)  1./6  0.29  0.8S 

Pounds  of  Pollutant  Per  100  Pounds  of  Pollutional  Debris 


Suspended  Solids  0.33 

Settleable  Solids  17.10 

COD  0.29 

3OD5  0.26 

K,)el.  N 0.013 

Ext.  PO4  0.012 

Lead  0.0012 

Einc  0.0005 

Chromium  0 . 00002 

Nickel  0.00004 
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URBAN  RUNOFF  POLLUTION 


1 


SECTION  V - TURBAN  RUNOFF  POLLUTION 

5.1.  General . 

The  origin  and  quantification  of  the  sources  .-ontributinr 
pollution  to  the  f^eneral  de,qradated  water  quality  of  urban  runoff 
has  never  truly  been  identified.  It  is  generally  ass’umed  that 
streets  are  a principal  source,  because  of  the  hea’/:/  visual 
accumulation  of  debris  commonly  found  on  streets.  The  conclusions 
of  the  street  debris  analysis  developed  by  this  study  were  used  to 
evaluate  the  relative  importance  of  streets  in  contributing 
pollution  to  runoff.  The  time  step  computational  elements  in  STORi.i 
provided  the  means  to  compute  the  contribution  from,  the  street. 

The  possible  role  of  other  sources  are  also  identified  and  discussed 
in  the  following  comments. 

5.2.  Runoff  Pollution  Originating  From  the  otreet. 

The  quality  subroutine  in  STORM  was  used  to  summarize  the  time 
history  washoff  of  pollution  from  the  street.  For  a given  orecipita- 
tion  record  and  input  values  for  sweeper  frequency,  sweeper  efficiency, 
and  the  washoff  decay  coefficient,  U,  the  amount  of  debris  washed 
off  the  street,  as  computed  by  the  model,  is  actually  a fraction 
of  the  total  possible  accumulation.  This  fraction,  for  the  same 
precipitation  record,  remains  constant  and  independent  of  the 
specified  .accumulation  rate  and  pollutant  "strength."  If  the 
hi.storic  record  is  summarized  on  an  annual  basi.s,  the  fraction 
of  the  total  accumulation  can  be  identified  as  ,an  average  anriual 
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number  of  days  of  debris  accumulation  removed  by  precipitation. 
Because  of  the  availability  factor,  Ap,  associated  with  the 


suspended  and  settleable  solid  equations,  the  averaf^e  days  of 
washoff  is  different  for  the  soluble,  suspended,  and  settleable 
solid  fractions.  The  computed  solids  removal,  assumin^^  Omaha 
criteria,  is  plotted  on  Plate  12  for  each  of  the  three  size 
fractions  for  a variable  sweeping  frequency  interval  up  to  100 
days.  The  1949  through  1973  precipitation  record  from  Kppley 
Airfield,  a sweeper  efficiency  of  50  percent,  and  a washoff 
decay  constant  of  2.0  was  used  in  deriving  these  curves.  It  is 
possible  to  use  these  curves  in  lieu  of  running  the  program  to 
compute  the  average  annual  mass  emission  load  for  any  accumulation 
rate  or  pollutant  "strength."  In  addition,  by  using  the  curves, 
the  pollutant  concentration  that  remains  transfixed  to  the 
suspended  and  settleable  solid  particulates  can  be  varied.  These 
values  are  constants  in  STOHJ!  (equations  7c,  d and  e,  Section  II). 

The  program  input  values  derived  from  evaluation  of  the 
-olle''ted  data  in  this  study  were  used  to  compute  the  average 
T'  .al  ciir.off  pollution  load  from  streets.  The  resultant  runoff 
• '*cr  the  two  residential  age  classifications  and  the 

--raep  are  included  in  Table  12.  The  total  runoff  load 
Intn  each  of  the  three  transport  categories; 
-•-ner. led,  and  settleable.  The  sweenlng  frequency 


Is  assumed  to  be  45  days.  The  total  pollution  load,  as  deternined 
by  this  method,  is  comparable  to  results  obtained  usinm  Chicago 
input  data.  The  average  equivalent  pollutant  concentration 
in  the  runoff  is  summarized  in  Table  13.  This  table  also  includes 
a comparison  of  the  determined  concentrations  to  average  concentra- 
tions assumed  for  residential  runoff  quality  in  the  Omaha  ?ietro 
Study  area.  The  latter  were  developed  from  a review  of  the 
literature. 
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The  average  concentration  for  the  major  pollutants  are  only 
20  percent  or  less  of  the  average  runoff  concentrations  generally 
measured  in  residential  land  use  areas.  Perhaps  more  pollution 
originates  from  the  street  than  was  determined  by  this  analysis. 
However,  it  can  also  be  shown  that  if  each  of  the  45.12  average 
annual  runoff  events  was  to  remove  the  determined  average  accumula- 
tion of  solids  and  pollutants  associated  with  particles  1 ram  and 
finer,  the  average  runoff  concentration  would  still  remain  at  a 
level  of  80  percent  or  less  of  average  measured  values.  The  major 
counter  argument  to  this  claim,  is  that  less  than  10  percent  of  this 
pollutant  load  would  be  soluble.  Generally,  about  one-half 
of  the  measured  nmoff  pollution  is  associated  with  the  soluble 
particulate  classification. 

5.3.  Contribution  of  Pollution  From  Other  Sources.  Based  on 
these  conclusions,  other  sources  must  contribute  significant 
pollution  loads  to  urban  runoff.  Other  such  major  identifiable 
sources  would  include : 

1.  Impervious  surfaces  other  than  streets; 

2.  Pervious  areas; 

3.  Catch  basins  and  the  conveyance  network;  and 

4 . The  atmosphere . 

Little,  if  any,  information  is  available, at  present,  to  quantify 
the  pollution  contribution  from  these  other  sources.  However, 
based  on  a preliminary  assessment,  much  of  the  additional  pollution 


If 


load  may  orlpinate  from  impervious  surfaces  other  than  streets. 

This  conclusion  Is  supported  by  the  following  analysis. 

5.4.  Pollution  From  Impervious  Surfaces  Other  Than  Streets.  Durinf? 
the  period  of  October  1*^65  through  March  1*=>68,  the  Omaha-Douglas 
County  Health  Department  determined  monthly  dustfall  rates  from 
several  locations  within  and  around  the  City  of  Omaha.  The  results 


of  these  studies  are  summarized  in  Table  14. 


TABLE  14 


DUBTFALL  RATE  FOR  OTWm,  NFPRA.=;KA 


Solids  Collection  Rate,  Tons/sq.  ml . /mo . 
Insoluble  .Soluble 


ffenth 

High 

Low 

'*edlan 

Rural 

High 

Low  Median 

Rural 

January 

52.3 

1.1 

9.6 

3.6 

16.5 

0.9 

5.5 

1.9 

February 

IR.O 

1.4 

13.0 

4.f' 

10.5 

1.6 

5.4 

1.5 

?'arch 

54.2 

4.1 

16.6 

7.0 

9.4 

2.0 

5.0 

2.6 

April 

SR.  6 

7.1 

32.5 

15.8 

46.2 

1.8 

9.0 

4.0 

’!ay 

125.1 

6.6 

26.8 

16.5 

12.0 

2.1 

5.1 

3.0 

June 

91.5 

10.4 

25.5 

17.7 

22.1 

3.5 

7.6 

5.9 

July 

117.4 

0.9 

19.3 

8.9 

15.9 

1.8 

7.7 

4.7 

August 

47.3 

0.4 

16.3 

8.0 

14.1 

1.5 

6.0 

4.6 

Sentomber 

38.9 

1.6 

19.4 

10.3 

12.2 

2.2 

6.8 

4.0 

Oc  tober 

66.8 

4.8 

16.9 

5.f> 

23.6 

2.1 

6.2 

7.7 

i'lovember 

55.7 

3.0 

13.2 

4.0 

9.7 

1.0 

4.9' 

3.3 

')eeerber 

44.8 

1.7 

10.6 

3.5 

46.3 

2.2 

10.6 

23.1 

Total  Annual 

219.7 

105.8 

79.8 

66.3 

‘ nrll-, September 

13P.8 

77.? 

42.2 

26.2 

;bs  X 10~^/rt‘^/day 
{ Total  Annual ) 

4.31 

2.1 

1.56 

1.30 

iba  X 10”^/rt'^/day 
(Total  Annual) 

5.4'^ 

3.0 

1.64 

1.00 

Source:  Onto  collected  by  Omaha-Oouplas  County  Health  Department, 

)cto>ier  1965  - f'arch  196S. 
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Quality  parameters  associated  with  these  dustfall  particles 
were  not  measured  by  the  Health  Department.  However,  a study 
conducted  in  Seattle,  Washington  during  the  summer  of  1%6  indicates 
that  there  is  a quality  element  associated  with  this  dustfall  and 
that  the  quantity  and  quality  of  the  dustfall  is  somewhat  dependent 
upon  the  local  land  use  activity  (l).  If  so,  much  of  the  measured 
dustfall  could  have  the  same  origin  as  street  debris  or,  in  fact, 
include  some  particulates  removed  from  the  street  by  traffic,  wind, 
and  cleaning.  It  was,  therefore,  concluded  that  the  quality  of  the 
dustfall  could  po.sslbly  be  quite  similar  to  the  measured  quality 
of  the  finer  street  debris  size  fractions.  The  ma.jor  quality 
parameters  were  estimated  for  dustfall  based  on  the  data  evaluations 
in  Section  IV.  The  maximum  dustfall  particle  size  was  assumed  to  be 
40  microns  (3).  These  estimates  are  compared  to  reported  Seattle 
findings  in  Table  15* 
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TABLE  15 


DUSTFALL  DEPaSITION  RATES  FOR  OMAHA,  NEBRA':KA 
AND  SEATTLE,  WASHINGTON  IN  POUNDS  PER  SQUARE  FOOT  PER  DA> 


Constituent 

Deposition  Rate 

Omaha 

Seattle^ 

Soluble 

Insoluble  Total 

Soluble 

Insoluble 

1 ^ 

Total  Solids 
X 10-5 

1.56 

4.31 

5.87 

2.82 

2.94 

5.  . 

Volatile  Solids 
X 10-5 

0.41 

0.47 

0.88 

1.34 

1.06 

2.40 

BOD  X 10-5 

0.46 

0.20 

0.66 

- 

- 

KJeldahl  Nit. 
X 10-5 

0.022 

0.014 

0.036 

- 

- 

Nitrates 
X 10-5 

- 

- 

- 

0.032 

- 

0.:- 

Phosphate 
X 10-5 

0.020 

0.020 

0.040 

0.006 

- 

• . 

♦Reference  3. 


The  contribution  of  dustfall  in  Omaha  to  urban  runoff 


pollution  was  determined  based  on  the  deposition  rates  included 
in  Table  15.  This  analysis  assumed  that  100  nercent  of  the  dustfall 
collecting  on  impervious  surfaces  other  than  streets,  v;ould  be 
removed  by  runoff,  but  no  dustfall  was  assumed  to  be  removed  by 
runoff  from  pervious  areas.  These  estimated  total  annual  runoff 
pollution  loads  for  various  percentages  of  areal  imnerviousness 
are  included  in  Table  16  for  the  quality  parameters  of  Total 
Solids,  BOD5,  K.feldahl  Nitrogen,  and  Extractable  ’^hosphate. 

This  table  also  includes  the  previously  determined  ann\ial  pollution 
load  for  residential  streets  ( Table  12 ) and  the  average  runoff 
concentration  for  the  combined  total  runoff  loads.  Annual  runoff 
volumes  were  computed  with  STORM.  The  resultant  average  concen- 
trations were  still  less  than  the  concentrations  as.sumed  for 
residential  lainoff  (Table  13).  Comparative  concentrations  range 
from  J7  percent  of  assumed  measured  runoff  concentrations  for 
total  nitrogen  to  about  88  percent  for  BOD5.  The  nitrogen 
concentrations  were  expected  to  be  low,  because  the  nitrate 
fraction  was  not  included  in  the  analysis.  Nevertheless,  the 
res^ilts  tend  to  indicate  that  dustfall  may  be  a very  significant 
source  of  nollutlon  in  urban  runoff.  Since  most  of  the  data 
used  in  these  determinations  was  basically  synthetic,  additional 
research  will  be  needed  to  validate  or  qualify  the  Importance 
of  dustfall  in  urban  runoff  pollution. 
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SECTION  VI 


NON-STRUCTURAL  METHODS  OF  IMPROVING 


URBAN  RUNOFF  QUALITY  AND  QUANTITY 


opcTIOM  VI 


MOM-STRUCTI^_*L  ’FTHODS  OF  PtFROVINO  URBAN  Rl"'T'^'F  OT’ATJTY  AND  OUANTITY 
6.1.  General . 

Non-str’ictural  methods  for  improvinr  urban  runoff  quality  are 
defined  in  this  report  as  any  method  of  lar,d  use  planning,  regulation, 
or  maintenance  which  may  reduce  the  mass  emission  rate  and  load 
of  oollutants  from  an  urban  area,  but  is  not  an  internal  part  of 
any  physical  v/astewater  manaRem.ent  system*,  '‘eans  and  methods  of 
reducin;^  pollution  from  urban  construction  activities  is  not 
discussed.  Feveral  reports  are  available  in  the  literature  which 
discuss  this  subject  in  detail.  Two  Fnvironm.ental  Protection  Agency 
reports  are  included  in  the  references  to  this  renort  f 11  and  IP). 

The  scope  and  completeness  of  this  section  is  very  limited,  because 
of  all  of  the  significant  sources  of  urban  runoff  pollutants  have 
not  been  identified,  measured,  and  evaluated.  ’*uch  of  the  discussion 
is  centered  around  observations  and  measurements  obtained  from  the 
data  acouisi+ion  propram  for  this  study  and  use  of  the  historical 
precipitation  analysis  capability  of  FTOR’h  The  subjects  discussed 
include : 

a.  Ef fectiveness  and  optimal  schedulinr  of  street  sweeners 
for  reducing  urban  pollution, 

b.  Effectiveness  of  planning  and  controllinr  interior  drainare 
to  reduce  urban  runoff  quantity  and  pollution,  and 
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c.  Effects  local  land  use  development,  practices,  and 


management  on  the  collection  or  urban  debris. 

6.2.  Effectiveness  and  Optimal  Schedulinp  of  Street  Sweepers. 

The  effectiveness  of  a well  maintained  and  ooerated  street 
sweeninp  nrof^ram  for  pollution  control  is  difficult  to  evaluate. 
Rased  on  th'^  analyses  in  this  report,  only  about  20  percent  of 
the  urban  runoff  pollution  load  in  residential  areas  orifinates 
from  the  streets.  This  pollution  loading  is  mainly  from  the  finer 
debris  residing  on  the  street  at  the  time  of  runoff.  However, 
streets  are  possibly  the  initial  source  of  nollutional  debris 
removed  from  other  sources  during  runoff.  For  example,  two 

such  sources  could  be:  1)  fine  dust  blown  off  of  the  street  onto 

the  surrounding  land  surfaces  during  dry  periods,  and  2)  organic 
and  other  debris  denosited  in  catch  basins  during  preceding  runoff 

events  or  by  other  methods  such  as  traffic  and  street  flushers. 

As  such,  any  full  evaluation  of  the  effectiveness  of  a street 
.sweeping  program,  in  reducing  urban  runoff  pollution  will  require 
a more  comnlete  evaluation  and  understanding  of  urban  runoff 
nollution  sources  and  the  origin-removal  cycle.  Tt  is,  however, 

■ . . im.'  : in  fils  study  that  an  effective  street  svreeping  program 
can  materially  reduce  urban  runoff  pollution. 

The  effectiveness  of  a street  sweeping  nrogram,  as  considered 
in  this  report,  is  measured  by  the  degree  of  reduction  in  street 

Rl4 

L- 


MICROCOPY  RESOLUTION  TEST  CHART 

NAffONAl  PURfAU  Of  STANDAROS  A 


runoff  pollution.  If  it  is  ass'omed  that  the  debris  aco’imulates 
linearly  with  time,  and  that  there  are  only  two  major  removal 
mechanisms,  lamoff  and  sweeplnr,  the  effectiveness  of  street 
sweeninr  in  reducinp  runoff  pollution  can  be  apnroximated . 

The  time  continuous  computational  element  in  STOP’.'  provides  the 
comparative  basis  to  evaluate  the  interaction  of  these  debris 
removal  mechanisms  throufihout  a historical  analysis  period. 

This  evaluation  was  discussed  previously  in  this  report,  ’^he 
resultant  average  annual  washoff  of  debris  versus  .sweepinrr 
frequency  curves  for  the  three  pollution  classi fications ; i.e.. 
soluble,  suspended,  and  settleable,  are  shown  on  Plate  If.  The 
data  used  as  input  in  the  model  Included  the  1^/.^  throurrh  1^71 
hourly  precipitation  record  at  ''^pley  Airfield,  an  assumed 
sweeper  efficiency  of  50  percent,  and  a washoff  decay  coefficient 
of  2.0. 

Based  on  t>;e  determincUtions  from  the  procedinP’  analysis, 

.sweeper  effectiveness  curves  wore  developed.  To  simplify  the 
evaluation,  it  was  assum.ed  that  all  si?;e  fractions  of  debris  v/ere 
described  by  the  "soluble"  curve  on  Plate  12.  ""he  ether  two  curves 
on  this  Plate  are  reduced  by  the  non-linear  availability  factor,  Ap 
(Equations  7a,  b,  Section  IT).  Sweeoer  ef feet ' voness  was  defined 
a.s  the  fractional  reduction  in  computed  annua"',  debris  r^moff  load 
relative  to  total  annual  debris  runoff.  A sweeninm  frermency 
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of  100  days  was  ostabl’shed  as  the  total  annual  debris  runoff  load. 
.Resultant  sweeper  effectiveness  curves  for  assumed  sweeper 
efficiencies  of  50  and  '^o  percent  are  shown  or.  ’’late  13.  These 
curves  were  tlier.  used  to  determine  the  optLiial  ov.-eepinp  frequency 
for  Omaiin 

A '’ui'  or.timisHtion  analysis  of  a street  sweepinf'  promram 
would  reo'.lre  detailed  information  on  equipment,  manpov/er  require- 
re.ats,  operation  and  maintenance  costs,  etc.  This  information 
was  not  available.  Therefore,  this  analysis  only  considered  the 
optimal  sweeninp  frequency  for  equinment  utilisation.  A summary 
of  the  optimal  equinment  utilisation  analysis  is  included  in 
Table  17  ^or  the  sweeper  effectiveness  curves  plotted  on  Plate  13. 
The  derived  utilization  curves  are  included  or,  Plate  13. 

It  cae  be  seer  f'^om  this  lcnp:-term  precipitation  analysis  and 
the  assumntinns  used  in  develonment  of  the  curves,  the  optimal 
street  sweeninm  frequency  for  <>iaha  is  an,vwhere  from  11  to  16  da.ys. 
The  utilization  curves  also  show  that  for  any  major  deviation  from 
this  ."Wf’epinr  ‘'requer.cy  ranme.  the  return  amo\mt  of  runoff  pollution 
’•eliction  unit  of  equipment  effort  becomes  slCTiificantly  less, 
u : -iV:  an  increased  sweener  efficiency  allows  for  a lonrer 

’’wfen’  r in'-Tva’.  with  less  decrease  in  utilization.  The  overall 
r"luction  in  s*"’  runoff  pollution  for  a 50  percent  efficient 
street  sweener  at  the  optimal  sweepinjT  frequency  would  be  about 
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30  to  40  oercent.  If  equipnent  tiesim  chanpen  r.hould  substantially 
increase  sweepinp  efficiencies  in  the  future,  the  reduction  in 
street  runoff  nollution  mipht  increase  to  around  45  to  60  percent. 


■"ARLr  17 

TsOUIP?<FNT  OPTr*.'I,7ATI0N  AiIALY''ir,  FOR 
PJTDTTCINO  RUMOFF  POLLUTION  FRO?'  r.TPJETP 


Reduction  in 
Avp . Annual 
Street  Pollution 


.Sweeper 

Frequency 


Relative 

Frequency^' 


; weeper  ...  . 
Utilisation— 


0 

100 

100 

1.000 

1.000 

- 

- 

10 

35 

56 

2.857 

l.'^36 

0."2 

0 . 82 

20 

22 

32 

4.545 

3.125 

0.92 

0.93 

30 

16 

22.0 

6.250 

4.651 

0.99 

0.Q6 

40 

12 

I'^.O 

3.333 

5.838 

1.00 

0.0° 

50 

q 

13.7 

11.111 

7.407 

0.04 

1.00 

60 

7 

10.5 

14.286 

^.524 

0.87 

0.0.2 

70 

5 

°.0 

20.000 

12.500 

0.73 

0.8.2 

80 

3 

5 

33.333 

20.000 

0.50 

0.50 

on 

11^ 

2\ 

66 . 666 

4'^.000 

0.20 

0.33 

1/100  days/Sweeper  Freauency. 

2/Percent  reduction/Pelatlve  Frequency/ontir’ir'  value. 
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6. I.  Effectiveness  of  Planninp  and  Controllinf^  Interior  Drainare. 

The  drainaf'e  of  impervious  runoff  over  pervious  land  areas  nay 
offectively  reduce  the  total  runoff  pollution  load  from  an  urban 
area.  Tv;o  primary  mechanisms  would  bo  involved  in  the  reduction. 
Th"se  are:  1)  reduction  of  the  runoff  volume  and,  consequently, 

the  nollution  load:  and  2)  removal  of  particulates  from  the  runoff 
wat(:rs,  primarily  via  physical  processes  such  as  sedimentation  and 
filtration. 

From  an  analysis  of  the  lonp-tenr.  nreclpitation  record  in  Omaha 
(1040  through  1'^??')  with  STOR.V,  the  averape  hourly  precipitation 
intensity  of  rainfall  v.'as  determined,  ""he  results  indicate  that, 
on  the  averape,  the  saturated  infiltration  rate  for  the  soils  in 
the  study  area  rreatly  exceeds  rainfall  intensity.  Thus,  some 
additional  infiltration  canacity  is  normally  available  to  reduce 
the  runoff  volume  from  impervious  .surfaces.  If  it  is  assumed 
that  the  impervious  runoff  is  drained  uniformly  over  the  available 
pervious  lands  in  the  urban  area  durlnP  a precipitation  event, 
it  can  be  shown  that  the  effective  precipitatlor  intensity  rate 
on  the  pervious  areas  would  he: 


(19) 


Where 


Pp^  = Adjusted  precipitation  intensity  for  oervious 
land  area  in  inches  ner  hour. 

P = Precipitation  intensity  of  stcrni  in  inches  per 
hour . 

Fp  = Fraction  of  urban  area  that  is  irrroervious. 

Cj  = Runoff  coefficient  for  ir.pervious  area. 

Fp  = Fraction  of  urban,  area  that  is  pervious. 

By  evaluatinp  the  hourly  historic  precipitation  record,  any 
resultant  reduction  in  nuioff  volune  can  be  evaluated. 

A modified  version  of  the  runoff  routine  in  .fTORJ'  v,-as  used 
to  make  this  analysis.  The  modification  consisted  of  replacinp 
the  available  depression  storaFe  value,  F,  in  equation  1 by  the 
averape  saturated  infiltration  rate  for  the  soils  in  Omaha.  This 
was  done  quite  easily  in  the  model  by  inputtinp  the  24-hour 
saturated  infiltration  rate,  rather  than  the  daily  evax>oration 
rate.  An  infiltration  rate  of  0.3  inches  ner  hour  was  used.  The 
input  value  for  the  maximum  available  denression  storape,  D,  was 
chanped  to  Include  both  the  maximum  available  depression  storape 
for  the  oervious  lands  and  the  assumed  first-hour  infiltration 
rate.  The  results  indicate  a total  runoff  quantity  reduction  of 
25,  2R,  and  30  percent  for  urban  areas  havinp  respective  Impervious 
surface  areas  of  30,  40,  and  50  percent. 
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To  assess  t'-'e  effectiveness  of  rinoff  reduction  or.  a snail 


unit  basis,  the  result. s can  be  interpreted  on  the  basi.s  of  per- 
centage reduction  in  runoff  volume  versus  the  ratio  of  the  area 
of  pervious  lands  covered  by  impervious  runoff  to  the  impervious 
land  area.  The  curve  derived  for  Omaha  is  shown  on  Plate  14. 

Ti.e  avera.-’e  annual  reduction  in  the  volume  of  Imnervious  runoff 
was  found  to  he  anpror imately  71  percent  for  equal  areas  of 
ne-vious  and  impervious  surfaces.  These  findings,  as  based  on 
this  analysis,  vere  more  dramatic  than  originally  anticipated. 

Tt  must  he  emnhasir.ed , however,  that  the  derree  of  effectiveness 
decreases  with  Increasing  rainfall  intensity,  such  that  essentially 
no  reduction  in  runoff  would  occur  for  ma.ior  desipn  storm  events. 

The  same  analysis  procedure  is  not  valid  in  evaluating  the 
reduction  in  runoff  pollution.  Equivalent  evaluation  attempts 
which  use  the  historical  precipitation  v.-ould  reouire  considerable 
modification  of  the  quality  routine  in  the  model.  For  this  reason, 
an  attempt  to  evaluate  comparable  reductions  in  n.moff  pollution 
was  not  considered.  It  can  nrobably  be  assumed  that  the  reduction 
in  Ihe  pollution  oriirinatinf’  from  the  impervious  surfaces  would  he 
soniC  f'.ctor  1.,-ss  than  the  reduction  in  impervious  runoff.  However, 
it  does  appear  that  a detailed  evaluation  of  this  urban  land 
management  tecbnicie  ••'.ay  he  warranted  particu’’ arly  in  view  of  the 
fact  that  some  additional  nartlculate  debris  nay  also  be  removed  by 
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filtration  an:  roriinentatlon  lurinF  s':eet  flov;  over  any  nof?1o-. 
area.  Stutie.";  of  -"ural  lanl  mnnafoncnt  nracticer;  in  ""t  xat; 

(ieterr'.inod  that  the  oonstrijotlon  massed  wa^emays  reduce  1 the 
sediment  yield  ‘"rom  the  study  basin  b;/  t''  percent  (l^^.  ’'ost  of 
this  measured  r°duction  was  probably  a result  of  the  filtratici. 
and  sedimentat’ on  action  during  flow  over  the  prassed  nortion  o'" 
the  wateiTway. 

6.4.  'Effect  ofjnnd  hse  Developnent  and  ’lanapenent . 

The  resul'*  s fr^r.  the  collection  and  analysis  of  street  debris 
in  Onalia  show  that  the  older  residential  land  '.ise  areas  had 
sifTnificantly  greater  puantities  of  debris  on  the  streets  than 
was  found  in  the  newer  re.sider:tial  areas,  "^he  study  was  not 
sufficiently  comprehensive  to  fully  identify  ani  quantify  the 
causes  and  sources  of  the  additional  debris.  However,  some  nhysicnl, 
as  well  as  land  manapenent,  factors  noted  by  observation  durinr 
data  collect'’'on  can  be  Identified  a.s  addinr  to  or  reducinr  the 
quantity  of  debris  on  the  street.  These  ph.ysical  factors  are 
sunmarined  on  "^ahle  l8.  A positive  value  infers  an  increase  in 
either  th.o  accumulation  or  removal  rate,  while  a nopative  dosionatior. 
indicates  a reduction.  A blanl:  denotes  essentially  no  effect.  Four 
removal  mechanisms  are  considered  in  the  evaluation. 
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SECTION  VII 


CONCLUSIONS  AND  RECOM»'KNDATIONS 
7.1.  Conclusions . 

a.  Contribution  of  Street  Debris  to  Urban  Pur.off  T ollutior. . 
Streets  probably  contain,  by  far,  the  greatest  quantity  of  naturally 
transported  debris  in  an  urban  area.  EroF  visual  apnearances  only, 
it  is  easy  to  recognize  why  streets  have  been  considered  the  r.a'cr 
source  of  urban  runoff  pollution.  However,  the  results  of  toe  data 
evaluations  and  analyses  conducted  in  this  study  indicate  rath«r 
conclusively  that  street  debris  is  probably  not  the  na.lcr  source 
of  urban  runoff  pollutants.  Specific  study  findings  are  discussec 
in  the  summary  of  this  report  (Section  I).  The  following  coments 
are  primarily  a prospectus  of  the  role  of  street  debris  in  the  urban 
runoff  pollution  problem. 

1 . Street  debris  is  composed  of  only  a very  small  percentage 
of  fine  particulate  matter.  Approximately  9'^ . 5 percent  by  weight  of 
the  street  debris  was  estimated  to  be  larger  than  clay.  It  is  spec- 
ulated that  the  wind  currents,  either  weather  or  traffic  induced, 
that  move  nearly  all  of  the  debris  to  the  curb  are  capable  of  moving 
the  finer  debris  off  of  the  street  proper  onto  the  surrounding  land 
surface . 

2 , Most  of  the  pollution  load  on  the  street  is  associated 
with  the  silt,  sand,  and  larger  debris  fractions.  Even  though  the 
pollutant  concentration  of  the  larger  debris  is  several  fold  less 
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than  the  colloidal  and  near-colloidal  particles,  the  voluminous 
percentage  of  the  larfrer  particulates  in  street  debris  is  such  that 
most  of  the  total  pollution  load  is  associated  with  this  fraction  of 
the  street  debris.  Thus,  converse  to  the  discus.sion  in  parap;raph  a, 
most  street  pollution  is  associated  with  particulates  that  are 
1 ) difficult  to  remove  from  the  street  surface  and  maintain  in 
suspension  by  water  flow  during  runoff  and  2)  sub.lect  to  considerable 
losses  from  entrapment  and  deposition  during  transport  through  a 
drainage  system.  The  removal  of  these  size  fractions  from  the 
street  is  largely  dependant  unon  the  intensity  and  duration  of  the 
precipitation  event  and  hydraulic  characteristics  of  the  conveyance 
network. 

3.  The  average  runoff  pollution  contribution  from  the  street 
is  only  a minor  portion  of  the  total  runoff  pollution  load.  A long- 
term analysis  of  street  debris  accumulation  and  removal  by  street 
sweeping  and  precipitation  indicates  that  streets  contribute  only 
about  20  percent  of  the  total  residential  runoff  pollution  load. 

This  conclusion  is  based  on  a 25-year  analysis  of  nrecipitation 
frequency,  intensity,  and  duration  in  Omaha,  Nebraska  using  PTHRM. 

The  vatc'-  quality  input  values  were  based  on  determinations  from  the 
s'UDpling  program.  The  average  total  solids  and  BODi^  concentrations 
as  determined  by  the  model  were  5^  ^g/1  and  P.8  mg/1,  respectively. 

. Most  of  the  pollution  removed  from  the  street  by  precip- 
itation is  associated  with  the  insoluble  particulates.  Approximately 
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93  percent  of  the  total  solids  and  percent  of  the  BOPc  ,nn  inr 
of  the  street  debris  runoff  was  found  to  be  insoluble.  These  ner- 
centafres  are  based  on  the  model  deterrr.inatl one  that  the  frenuency 
and  intensity  of  precipitation  in  hmaha  in  such  at  about  to  ne-f-cent 
of  the  soluble  street  debris  and  about  50  nercent  of  susoended  and 
settleable  debris  is  removed  sinnually  by  runoff.  "Tie  nortion  o’'"  the 
debris  not  removed  by  runoff  is  assumed  to  be  removed  from  the  street 
by  street  sweeping.  The  sveepin?  frenuency  for  these  determirati or..s 
was  3C  days.  This  determination  was  exnected  ba.sed  on  the  discussions 
in  paragraph  (l)  and  (2)  but  is  significant  for  nrimarlly  two  reasons. 
First,  much  of  the  runoff  pollution  oriKlnatinff  from  the  street  can 
be  removed  by  physical  treatment  systems,  such  a.c  settling  basins  and 
microscreening.  Secondly,  the  low  soluble-insoluble  nollution  ratio 
further  substantiates  the  conclusion  that  streets  are  not  the  ma.ior 
source  of  urban  runoff  pollutants.  Generally,  measured  urban  runoff 
pollution  ratios  are  higher  indicating  a much  greater  percentage  of 
soluble  pollution  than  could  originate  from  streets, 
b.  Other  Study  Conclusions. 

1 . Fallout  of  fine  particulates  on  Impervious  surfaces,  oth"^ 
than  streets,  could  be  a very  significant  source  of  urban  runoff  pol - 
lutants . Data  on  the  quality  of  particulate  fallout  within  the  city 
of  Omaha  has  not  been  measured.  However,  based  on  estimates  of  the 
quality  of  this  fallout.  It  was  determined  that  this  sovirce  could 
possibly  account  for  50  to  PO  percent  of  the  nollution  in  urban  runoff. 
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Of  major  significance  is  the  fact  that  this  source  would  be  composed 
mainly  of  soluble  and  near  soluble  particulates.  These  fine  and  very 
fine  particulates  were  noteably  lacking  in  street  debris.  To  visually 
exemplify  this  point,  the  average  particle  size  and  associated  BOD^ 
loading  distribution  for  street  debris  and  fallout  on  impervious 
surfaces,  other  than  streets,  is  compared  on  Plate  15.  (This  plate 
is  included  in  the  conclusions  only  for  clarification  of  the  discussion.) 

2 . Average  street  debris  loadings  are  greater  in  "older" 
residential  developments  than  in  the  "newer"  developments.  Sufficient 
data  was  not  collected  in  this  study  to  fully  identify  the  causal 
factors.  However,  some  factors  identified  through  observation  which 
possibly  affect  the  quantity  of  debris  on  the  street  Include: 

(a)  Degree  of  vegetative  canopy  coverage  over  the  street; 

(b)  Amount  of  on-street  parking; 

(c)  Repair  of  the  street; 

(d)  Social -economic  level  of  development;  and 

(e)  Amount  of  traffic. 

3.  The  optimum  street  sweeper  frequency  in  reducing  runoff 
pollution  from  streets  would  be  about  11  to  l6  days  for  Omaha.  This 
determination  was  based  on  an  optimization  analysis  of  street  sweeper 
utilization  based  on  determinations  using  STORM.  The  resultant  reduc- 
tion in  street  runoff  pollution  was  about  30  to  **0  percent. 

U.  The  average  annual  quantity  of  impervious  runoff  can  be 
reduced  significantly  by  drainage  of  this  runoff  across  a pervious 
land  area.  This  determination  was  based  on  a long-term  analysis  of 
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precipitation  in  Omaha  using  STORM.  The  premise  of  the  analysis 


was  that  the  saturated  infiltration  rapacity  of  the  nervious  soils 
in  the  area  exceeds  the  average  intensity  of  Precinitation  in  Omaha. 
The  resultant  reduction  in  impervious  runoff,  basea  on  the  model 
determinations,  was  about  73  percent  for  drainage  of  an  impervious 
drainage  area  across  an  equal,  area  of  pervious  land.  Some  reduction 
in  pollution  loading  would  probably  also  occur  but  m.ethods  were  not 
available  to  access  the  degree  of  possible  reduction.  The  degree  o'^ 
reduction  in  runoff  quantity  decreases  with  increasing  precinitation 
intensity  such  that  essentially  no  reduction  in  runoff  volume  would 
occur  during  a major  precipitation  event. 

1.2.  Recommendations . 

a.  Needs  for  Additional  Studies.  The  findings  of  this  study 
indicate  that  the  identification  and  quantification  of  the  causal 
factors  of  measured  urban  runoff  pollution  mu.st  go  beyond  the  bounds 
of  streets.  It  is  important  that  additional  funds  and  efforts  be 
directed  toward  a fiill  understanding  of  the  sources  and  nature  of 
the  urban  runoff  pollution  phenomena.  Otherwise,  future  management 
studies  will  continue  to  be  relegated  to  the  same  analysis  r.ethod  of 
using  an  average  runoff  concentration.  With  the  estimated  cost  of 
physical  urban  runoff  pollution  control  facilities  expected  to  reach 
phenomenal  figures,  an  understanding  of  the  origin  and  removal  of  urban 
pollutants  is  necessary.  Kf forts  were  made  in  this  study  to  evaluate 
the  runoff  pollution  contribution  from  sources  other  than  streets. 
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However,  much  of  the  data  used  in  this  analysis  was  synthesized. 
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Comprehensive  study  efforts  are  needed  to: 

1.  Identify  the  major  sources  of  urban  runoff  pollutants; 

2.  Quantify  the  role  of  each  source, 

3.  Describe  accumulation  or  origin  processes  for  nollutants 
at  each  source ; 

y.  Describe  precipitation  removal  processes  for  nollutants 
at  each  source ; 

5.  Describe  any  interactive  relationship  between  sources, 
e.g.,  streets,  a source  of  dust  for  other  areas; 

1 

' 6.  Describe  applicability  of  each  source  to  non-structural 

I management  control ; and 

r 7.  Define  planning,  regulatory,  or  maintenance  reauirements 

necessary  to  reduce  runoff  pollution  to  acceotable  levels. 

b.  Changes  Needed  for  ST^RM.  The  water  Quality  subroutine  in 
STORM  cannot  be  considered  a viable  routine  at  the  present  time  for 
use  in  predicting  runoff  quality  for  management  studies.  Artificial 
adjustment  of  the  accumulation  rate  and  pollutant  "strength”  input 
values  above  levels  that  have  been  measured  on  streets  would  appear 
to  be  only  a superfluous  attempt  to  natch  predicted  and  measured 
'unoff  quality  values  without  having  a physical  basis.  Tpe  major 
inherent  problem  in  the  model  simulation  is  that  streets  are  appar- 
ently not  a major  source  of  the  runoff  pollution  load.  Thus,  the 
first  concern  is  the  identification,  quantification,  and  modeling 
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of  the  contritut  ior.  of  po]lijtar.ts  ori^^inatinp-  fror  ether  Rour  ' r. 
These  changes  will  be  contingent  unen  the  research  ■'"injinpR  iiscussed 
previously.  Other  changes  ea;  bp  needed  in  t.‘  ’ ’'utnre  to  further 
refine  the  subroutine  for  ccllecrion  ar.J  washof'  *'  debris  from  the 
streets.  Care  must  be  exercised  in  any  ref^nerent  to  inaintain  the 
time  continuous  element  in  the  model.  *^a.‘or  categorical  chances  that 
are  needed  are  discussed  in  the  su-'^eeding  cemmen*  s . Tl’.e  actual  need 
for  the  further  refinements  will  probably  not  be  fully  realized  until 
additional  pollution  sources  have  been  identified  ar.'i  included  in  tre 
water  quality  subroutine. 

1.  Accumulation  rate.  This  study  demonstrates  that  the 
accumulation  of  debris  on  the  street  was  not  linear  over  the  neriod 
of  data  acquisition  in  this  study.  A variety  of  averaging  technloues 
can  be  used  to  derive  the  '’best''  linear  approximation  of  lonc-'f’erm 
results.  Ihe  techniques  discussed  in  this  renort  utilized  an  average 
computed  historical  runoff  event  to  determine  the  average  loading  of 
debris  on  the  street  for  various  freauencies  of  s*’’"eet  sweering.  The 
use  of  an  average  value  may  be  adequate  *’rr  long-term  analyses  hu* 
may  not  be  adequate  when  evaluatlrg  snecific  historical  precini tati or. 
events.  At  a minim^mi,  it  is  believed  that  at  least  some  seasonal 
adjustment  for  accumulation  rate  should  he  incomorated  in  the  model. 

2,  Pollutant  "strength."  The  type  and  pollutlonal  nuallty 
of  debris  also  changes  during  the  year.  As  the  model  is  refined  and 
more  data  becom* s available,  seasonal  adjustments  may  be  needed  for 


these  input  values  also.  The  data  collected  in  this  study  did  not 
Indicate  any  major  differences  in  pollutant  "strenurth"  for  the 
various  types  and  ages  of  residential  areas  sampled  through  much 
of  the  summer.  Study  findings  also  indicate  that  the  nollutant 
"strength"  of  the  suspended  and  settleable  debris  fractions  should 
be  changed  to  input  variables  rather  than  constants  in  the  model. 

3.  Street  density.  The  Imnortance  of  the  "street  density" 
factor  in  the  program  computations  must  also  be  questioned.  Pollu- 
tion loads  as  determined  by  the  model  are  very  sensitive  to  innut 
values  for  this  parameter.  Other  physical  factors  in  an  urban  area, 
such  as  those  listed  in  Table  ?,  may  have  greater  significance  when 
defining  the  rate  of  debris  accumulatior.  for  a given  area.  It  was 
determined  quite  definitely  that  the  amount  of  debris  accumulating 
in  an  area  was  directly  proportional  to  the  developmental  age  of  the 
urbem  area.  Again,  the  importance  of  describing  each  factor  is  rela- 
tive to  the  eventual  refined  state  of  the  model. 

U.  Availability  factor.  Additional  consideration  should  be 
given  to  the  meaning  and  purpose  of  the  availability  factor  in  the 
model.  It  was  assumed  in  this  report  that  this  factor  more  realis- 
tically describes  particulate  transport  phenomena.  If  so,  applicable 
d"s  riptive  runoff-particulate  transport  factors  for  various  size 
fractions  should  be  . vestigated  and  evaluated.  Such  factors  would 
have  greater  physical  significance  and  be  more  quantifiable  than  the 
terms  "suspended"  and  "settleable."  In  addition,  the  sensitivity  of 


any  derived  factors  to  various  physical  parameters  such  as  si  pc  and 


type  of  street  surfacing;  should  be  evaluated  to  determine  whether  or 
not  such  factors  should  be  input  values  rather  than  constants  in  the 
model . 

5.  Additional  capability.  The  tine  continuous  computational  < 

elem“nt  of  the  model  offers  meat  potential  and  versatility  to  man- 
agement and  assessment  type  of  studies.  Additional  versatilitv 

j 

for  adaptive  uses  of  the  model  should  be  investigated.  Two  possihil- 

Ities  were  evaluated  on  a first  cut  basis  in  this  renort.  'Tiese  were  I 

1)  evaluation  and  optimization  of  a street  sweeper  program  and  ?) 

management  of  interior  drainage  by  diverting  impervious  runoff  across  ^ 

pervious  areas.  The  full  potential  for  this  model  element  should  be  j 

I 

investigated  for  applications  in  water  resource  management.  j 
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APPENDIX  A 

SUMMARY  OF  LABORATORY  ANALYSIS 
OF  STREET  DEBRIS  SAMPLES 


A 


Factor 


Cin  OF  Cf'^-A  STFlr:  £1V  T.?INQ  OTJOY,  Jr'S,  SFPTI?.OF?  1^4 


pollutant  concentration  of  the  larger  debris  i 


several  fold 
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